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Abstract:

The Secretary of Energy is requried by law to examine, from time to time,
the need for development of the Naval 0il Shale Reserves. This
programmatic EIS is one of the components of that examination.

This programmatic statement examines five development policy options and
eight liquid fuel alternatives, one of which is 0il shale on NOSR 1. The
other seven are o0il shale on other lands (Colony), conservation, enhanced
0il recovery (EOR), offshore o0il production, coal liquefaction (SRC II),
biomass/alcohol and "no action at this time." The document compares the
ehvironmental imapcts of two levels of production from NOSR 1 (50,000 BPD
and 200,000 BPD) to those of an equivalent production (or conservation)
from the other 1iquid fuel sources. The socioeconomic and financial
impacts of the five development policy options, which range from zero to
100 percent government participation, are also evaluated. Based upon an
evaluation made during the summer of 1981, the Secretary of Energy
determined that the development of NOSR 1 was not warranted at that time.
That "no action" decision is identified as the preferred alternative in
this EIS. The development question is being periodically re-examined,
however, and should the decision be made to develop NOSR 1, a site- (and
process-) specific EIS would precede any development activity by DOE and
would discuss environmental impacts, including cumulative impacts, in
detail.
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1. SUMMARY

The Secretary of Energy is required by law, from time to time, to
examine the need for the production of shale oil from the Naval 0il Shale
Reserves (NOSRs). This Programmatic Environmental Impact Statement (EIS)
has been prepared to assist the Secretary in that process by presenting
information on the environmental and socioeconomic impacts of an oil shale
development project on NOSR 1, and of a select number of alternatives. The
EIS considers the environmental impacts of development of o0il shale, in
general, and NOSR 1, in particular, in comparison to alternatives of
encouraging production from other liquid fuel resources, such as coal
liquefaction, biomass, offshore 0il, and enhanced oil recovery, and an
alternative of conserving petroleum in lieu of shale oil production. This
EIS does not attempt to evaluate the environmental impact of either the
technological options or the specific sites which are available for
developing the o0il shale resources at NOSR 1. That evaluation will follow
in a later NEPA document if DOE proposes to develop NOSR 1.

It should be noted that, due to the duration of the administrative
process involved with preparing and publishing this EIS, some of the
information presented here may have been overtaken by events in the very
volatile and dynamic o0il shale industry which occurred only recently. For
example, what was only six months ago thought to be a viable, major oil
shale project--the TOSCO/Exxon Colony Project--has been shut down in
mid-construction. We mention this to indicate that the ongoing evaluation
of the development policy for a NOSR 1 oil shale project will reflect the
best information available at the time.

This EIS analyzes NOSR 1 as a candidate site for a contingency oil
shale development venture. It compares the environmental impacts from the
NOSR 1 range of potential production (50,000 to 200,000 BPD) with impacts
from additional development of other liquid fuel options which might
possibly make up for the lack of an equivalent amount of shale oil by 1990.
These other options include:

- Conservation

- 0i1 Shale Development on Other Land
- Enhanced 0i1 Recovery (EOR)
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- Outer Continental Shelf Petroleum (OCS)
- Tar Sands

- Coal Liquefaction

- Biomass/Alcohol.

Second, this EIS presents an environmental and financial analysis
relating five generalized development policies for NOSR 1. The decision
when to develop NOSR 1, and by what means, will be made by the Secretary of
Energy, based on national defense requirements and other pertinent
information, including the findings of this EIS (as supplemented if
necessary).

NOSR 1

Located in Garfield County on the south rim of the Piceance Basin in
northwestern Colorado (Figure 1-1), NOSR 1 comprises about 41,000 acres.
NOSR 3, the 14,000-acre service area which abuts the east and south
boundaries of NOSR 1, was set aside for potential access roads, sites for
service and staging areas, reservoir areas, etc., hence is included with
NOSR 1 in this EIS. It has no commercially significant oil shale
resources. NOSR 1 has some 18 billion barrels of shale oil in place (in
shale grades over 10 gallons per ton), of which some 2.3 billion barrels
are recoverable at grades of 30 gallons per ton or more from the Mahogany
Zone.

Overview

The objective of this EIS is to evaluate and compare the impacts of
eight liquid fuel alternatives. In addition, five development policy
options for NOSR 1 development are evaluated and compared.

In general, such comparisons are useful, but do not lead directly to
any conclusions. No particular financial option leads to any overriding
choice that could not be tempered thereafter by other factors. This is
equally true of the environmental comparisons among liquid fuel alter-
natives, with the obvious exception of conservation. However, many energy
sources, including conservation, may need to be developed concurrently in

the national energy program to move toward some measure of ehergy
sel f-sufficiency.
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Figure 1-1. Location of Reserves

In this sense, they are not true alternatives, with the possible
exception of 0il shale development on other land. In addition, the
isolated impact of a NOSR 1 development should ultimately be considered in
a regional energy development context, since the cumulative impact effects
will determine the 1limits of industrial growth in the Piceance Basin. Such
an analysis is planned for the site-specific EIS and will be included in
the mitigation plan in the NOSR predevelopment study activities, although
some qualitative discussion of the issue is included in Section 5.

Brief descriptions of the eight 1iquid fuel alternatives and the five
development policy options are provided in Section 3. The summary below
compares the options and the alternatives, and incorporates certain issues
raised in response to three scoping meetings held in February 1980 in Grand
Junction and Denver, Colorado and public comment meetings for the draft of
this EIS held in November, 1980 in those same cities.

Comparison of Alternatives

For the environmental comparisons among liquid fuel alternatives, typ-
ical plants producing 50,000 and 200,000 BPD were selected for each altern-
ative. The larger production rate is the maximum practical rate the NOSR 1
can sustain for a 25 to 30-year plant lifetime, and represents the upper
production limit that will be considered. The 50,000-BPD rate, however, is
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a typical production figure normally used for comparison purposes to repre-
sent all alternatives. Comparisons are made for emitted air pollutants,
water consumption, land use, solid waste, potential water quality degrada-
tion, potential health and safety hazards, population growth, and community
expenditures and revenues. A specific conservation program-more efficient
vehicles designed to save the same amount in gasoline-is also included in
these comparisons wherever possible. Unfortunately, because adequate data
were not available, tar sands had to be deleted from the comparisons.

Conservation is clearly most advantageous for air pollution, reducing
emissions nationwide, primarily in urban areas. Among liquid fuel
alternatives, no single technology is consistently the highest or lowest
emitter in all categories of major air pollutants. For example, OCS is the
highest in hydrocarbon emissions but the lowest in SO emissions. Results
are discussed in Section 3. A more significant measu;e would be air
quality impact rather than just emissions. This impact depends on local
terrain and meteorology and on the air quality status of the region,
generally requiring diffusion models to estimate impacts.

Water requirements for a 50,000-BPD 1iquid fuel facility are small for
0CS, about 10,000 acre-ft/yr (AF/Y) for coal liquefaction, about 4,455 to
12,090 AF/Y for NOSR o0il shale, (depending on the production system
utilized), 19,000 AF/Y for EOR, and 3,600 AF/Y for biomass/alcohol. The
impact of this water requirement will depend on the regional water
availability, generally considered as a more significant problem in oil
shale country than in, for example, central I11inois where the typical
biomass/alcohol facility is located. Solid waste production is greatest
for 0il shale, running close to 20 million tons per year. Among the
remaining alternatives, only coal liquefaction has any significant waste
(4-1/2 million tons per year). High land use for biomass/alcohol is due to
the Targe number of individual facilities.

A comparison of the potential for water quality degradation
attributable to spills, leachates, mine drainage, and agricultural runoff
shows OCS having the greatest potential, oil shale a moderate potential,
and all others with minor but not negligible potential. Similarly for

potential health and safety hazards, coal liquefaction is given the
greatest potential, o0il shale a moderate, EOR and OCS a minor, and biomass/
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alcohol are shown as negligible. These qualitative groupings are quite
subjective, and what is called "minor" could easily be reclassified.
However, the relative rankings are expected to remain unchanged.

In the socioeconomic area, population increases during operation
approximate 20,000 people for coal liquefaction, 12,500 for biomass/
alcohol, 7,500 for oil shale, and fewer than 250 for EOR and 0CS. Effects
of population increase depend entirely on the local community conditions,
and are considered significant for all alternatives except EOR and OCS.
Construction population increase is considerably smaller, but creates a
transience problem, especially where overlap occurs with the operations
personnel--most likely in biomass/alcohol--or in any of the alternatives if
sized for more than 50,000 BPD. Financial outlays by local communities to
provide capital improvements (e.g., schools, water and sewer facilities,
roads) and human services run about $30 million annually for coal 1ique-
faction and biomass/alcohol, with estimated revenues about $1 million less
than this amount. Revenues include ad valorem and personal property, state
income, sales, and plant property taxes. However, it is generally inaccu-
rate to assume that local communities receive state revenue allocation
equal to those generated by the energy development or that state aid is
provided on a timely basis. Comparable o0il shale amounts are $10 million
in expenditures and over $11 million in revenues. It should be noted that
cost and revenue comparisons for o0il shale development will vary consider-
ably given the wide range of assumptions that are possible regarding other
energy development prospects in Colorado. For the purposes of this
analysis socioeconomic impacts of NOSR development in western Colorado have
been assessed from two separate perspectives. First, 50,000 BPD and
200,000 BPD development options have been analyzed in isolation, assuming
no concomitant development in the NOSR study area. Second, a 100,000 BPD
NOSR development option has been analyzed in detail in the context of an
assumed cumulative development profile in western Colorado. This latter
cumulative impact analysis is presented below in Section 5, "Environmental
Impacts."

For the NOSR 1, one reference production system design is used for
all development policy options; therefore, all emissions and other
environmental impacts are the same for all these options. There is only
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one significant environmental difference among the five development policy
options, a socioeconomic difference due to the varying share of private

property that may be directly taxed as a major source of local revenue, as
mentioned above.

For evaluation of the five development policy options, standard
business analysis techniques are used in conjunction with a reference oil
shale production system for NOSR 1. This system utilizes conventional
underground mining, three types of surface retorts, conventional
upgrading, pipeline product transportation, and surface disposal of spent
shale. The same production system is used to evaluate the five development
policy options, as it is unlikely that the design selected for a GOCO would
differ from that selected by a private entity. Since neither selection can
be known at this time, the same production system is used as the basis for
comparative evaluation of financial factors.

For the cases in which the industry owner earns a 15% return on
investment (ROI), and the government 10% (to offset the cost of money use),
the required (constant) selling price is calculated in 1979 dollars. It
ranges from about $26 per barrel for the upgraded shale o0il (refinery-
compatible syncrude) for the fully leased-to-industry case to about $17 per
barrel for the government-owned case. These somewhat artificial cases
provide some insight into the downside risk of these investments, which
appears small in view of current and commonly projected oil prices.

For the cases which assume an 0il price scenario which increases from
$25 per barrel in 1979 to $35 per barrel in 1989 and remains at $35 (in
1979 dollars) thereafter, two sets of results are derived. From an
industry viewpoint, the ROI is about 20%, whether fully leased or jointly
owned.

Conclusions

Based upon an evaluation made during the summer of 1981 of the
information contained in the draft Programmatic EIS, state and local
concerns, national energy demand, the progress of private industry in
supplying conventional fuels and pursuing synthetics, the Secretary of
Energy, after duly performing the evaluation as required by law, concluded
that the development of 0il shale on NOSR 1 was not necessary at that time.
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This "no action" decision is identified as the preferred alternative in
this EIS. This issue will be reexamined from time to time in the future,
as will the information and analysis contained in this EIS. Should updates
be necessary, draft and final supplements to this EIS will be prepared, in

accordance with the Council on Environmental Quality regulations
implementing NEPA.
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2. The Proposed Action and Its Purpose

The action evaluated in this EIS is the development of Naval 0il Shale
Reserve Number 1 (NOSR 1) for the eventual production of 1iquid fuels from
0il shale, for the purposes of assisting national defense and security. A
background discussion of this proposal follows:

At the beginning of this century, President Theodore Roosevelt became
concerned about a secure supply of o0il for the U.S. Navy. He initiated a
plan which led to an Executive Order of September 27, 1909 by President W.
H. Taft, withdrawing certain public lands from general sale. This was at
the time when the Navy was in the process of converting to an all oil-fired
fleet and was worried about a secure supply of 0il and the effects of
massive increases in fuel costs. The price of ship's fuel had skyrocketed
from 1 7/8 cents per gallon in 1911 to a full 3 cents per gallon in 1912.

In that year, at the request of the Secretary of the Navy, the
Secretary of the Interior identified for the Navy 38,073 acres of o0il-
bearing public lands in California, a part of the land previously withdrawn
from public sale, sufficient to ensure a supply of 500 million barrels of
0il. President Taft issued an Executive Order in 1912 setting aside these
lands as Naval Petroleum Reserve 1 (NPR 1), known as Elk Hills.

By 1916, the fuel cost problem was worse. The price of oil for the
Navy had jumped to 5 1/2 cents per gallon and the U.S. Geological Survey
(USGS) had estimated that there was no more than a 30-year supply of oil
left in the U.S. at the current consumption rate. In 1914, the Navy had
estimated that its requirements in wartime would triple those of peacetime,
and was concerned about supplies to the civilian sector. Now, on the eve
of America's entry into WWI, the problem caused great concern. On December
6, 1916, at the urging of Secretary of the Interior Lane, President Woodrow
Wilson signed the order establishing NOSRs 1 and 2. The following excerpt
from hearings before the Special Joint Conference of the Committee on
Public Lands, December 18, 1916, discussed this event and the basic NOSR
mission.

“Chairman PITTMAN (Senator from Nevada). Are there any
other naval petroleum reserves except those mentioned?
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"Assistant Secretary of the Navy, Franklin D. ROOSEVELT.
Those three are the only ones. There is a proposal by the
Secretary of the Interior to withdraw some shale lands.

“Mr. FINNEY (DOI). It is withdrawn, Mr. Secretary - two
areas in Western Colorado and Utah.

"Assistant Secretary ROOSEVELT. The shale lands, up to the
present time, are not a commercial proposition as o0il lands
quite a different proposition. There is 0il in the shale,
and if it came down to a crisis and you could get no oil any
other way, I suppose in time of war we could go ahead and
crush the shale and extract the oil.

“Commander RICHARDSON (Bureau of Steam Engineering). In
regard to the shale, you have to drive the 0il off in the
shape of gas, and out of a ton of shale you get 40 gallons
of o0il, and of that 40 gallons there is a fair percentage of
gas and gasoline, so that out of that ton of shale you would
probably get 24 gallons of fuel oil.

“MR. FINNEY. How much would it cost to get it?

“Commander RICHARDSON. $1.85 for the 24 gallons; and if it
be in Colorado it is over a dollar to get it to the coast.

“Senator CLARK (of Wyoming). I saw something about some
experiments made by people who are farsighted, I suppose, at
a cost of about $4 a barrel to ship it.

“Commander RICHARDSON. $1.85 is the statement by o0il men.
Several questions later:

"Senator PHELAN (of California). What is the estimated
contents of those shale reserves?

“Mr. FINNEY. One billion barrels, according to the estimate
of the Geological Survey.

Finally:

“The CHAIRMAN. As one of the experts of the Navy
Department, would you not consider a possibility of
conserving 1,000,000,000 barrels of 0il, even at an expense
of $4 a barrel, for future use would be a matter of interest
to your department?

“Commander RICHARDSON. It was so much a matter of interest
to the Navy Department that it requested the Department of
the Interior to join the Navy Department in requesting the
President to create a reserve of shale lands for the
possible use of the Navy when the known o0il fields of the
country were exhausted: that it was realized that even if
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the 0il fields are exhausted in a 1imited number of years,
as the statements of the Department of the Interior
indicate, the Navy must have oil available from some
source."

The size of NOSRs 1 and 2 were modified somewhat by later Executive
Orders, and NOSR 3 was established by an Executive Order in 1924. While
less than 15 percent of NOSR 3 contains oil bearing shale, its withdrawal
was considered necessary to afford working space and waste disposal areas
necessary for the anticipated operations on NOSR 1.

The Secretary of the Navy did have congressional authority for the
exploration, development, use and operation of the Naval Petroleum
Reserves; however, he had no such authority for the NOSRs. As a result,
activity at the NOSRs was extremely 1imited.

From 1944 to 1956, the Bureau of Mines conducted experimental work at
the Rifle 0il1 Shale Demonstration Plant on NOSR 3 under the provisions of
the Synthetic Liquid Fuel Act of 1944. In October, 1962, the Secretary of
the Navy was given the same development authority over the NOSRs as he had
over the Naval Petroleum Reserves, and the Department of the Interior was
authorized to lease the Rifle facility, which had been idle since 1956.

The facility, now called Anvil Points, was leased in April 1964. This
lease expired in early 1982, and the Anvil Points facility is presently
shut down, while new lessees are being sought. 0il shale from Anvil Points

has also been used for research by the Laramie Energy Technology Center
since 1956.

In 1976, the Naval Petroleum Reserves Production act was enacted,
which defined the NOSRs as a component of the Naval Petroleum Reserves. As
a result, the Secretary of the Navy had the same basic administrative
authorities over the NOSRs as over the NPRs, including the authority to
develop and produce and to lease. The Anvil Points facility transferred
from the Department of the Interior to the Energy Research and Development
Administration (ERDA).

In 1977, the Department of Energy Organization Act was enacted and
transferred the authorities of the Secretary of the Navy over the NPRs and
the NOSRs to the Secretary of Energy. It also transferred the authorities




and functions of ERDA to the Secretary of Energy, including custody of the
Anvil Points facility. Jurisdiction over the NOSRs and the Anvil Points

facility remains with the Secretary of Energy at this time.

Description of NOSR

NOSRs 1 and 3 are located in Garfield County, Colorado, approximately
eight miles west of Rifle, and NOSR 2 is located in Carbon and Uintah
Counties, Utah, about 50 miles south of Vernal. NOSR 1 is 40,760 acres of
rugged highland country in western Colorado. NOSR 3, which adjoins NOSR 1
on the east, south and west is approximately 14,130 acres in size. The
elevations of NOSRs 1 and 3 range from 6,000 feet above sea level at NOSR 3
to 9,300 feet above sea level at NOSR 1. It occupies the southeast corner
of the Piceance Creek structural basin where the surface rocks are of the
Green River formation. This formation, which contains the 0il shale
deposits, is resistant to weathering and forms a spectacular escarpment
where it outcrops. The high tableland north and west of the escarpment has
an elevation of about 8,500 feet above sea level and is known as the Roan
Plateau. The escarpment, known as the Roan Cliffs, generally marks the
boundafy between Naval 0il Shale Reserves 1 and 3.

At the time of its establishment, NOSR 1 was considered a prime
reserve. Mahogany Zone 0il shale, outcropping along the Roan Cliffs, pro-
vided visual evidence of the presence of good 0il shale in a bed averaging
about 80 feet in thickness. NOSR 1 is now known to contain approximately
2.3 billion barrels of 0il recoverable from shale mineable by conventional
mining systems.

DOE has legislative authority to explore, develop, and/or lease all
the NOSRs. Before full-scale production of shale oil from the NOSRs can be
initiated, however, such production must be approved by the President and
authorized by a joint resolution of Congress. In addition, the Committees
on Armed Services of the Senate and the House of Representatives must be
consulted and the President's approval must be obtained prior to the lease
of any part of the NOSRs. These approvals have not been sought or obtained
to date.




Need for Development

Current law provides that the Secretary of Energy shall from time to
time reexamine the need for the production of shale oil from the NOSRs.
This was, in fact, the basis for initiating the extensive pre-development
program which was commenced for NOSR 1 in 1977. This program was designed
to develop information regarding environmental factors, resource assess-
ment, and engineering analyses to facilitate this required assessment. In
assessing this need, an issue of great significance is the unique status of
the NOSRs. The Executive Orders which set aside the NOSRs also established
a specific purpose for them which is quite different from that of most
other Federal mineral lands: to provide a ready reserve of liquid fuels to
aide in the defense and security of the nation. In 1976, the Naval
Petroleum Reserve Production Act (Public Law 94-258) further clarified the
purpose of the Reserves by including the following definition of national
defense (in Section 201(1)): "'National defense' includes the needs of,
and the planning and preparedness to meet, essential defense, industrial,
and military emergency energy requirements relative to the national safety,
wel fare, and economy, particularly resulting from foreign military or
economic actions." By including in the term national defense the concept
of preparedness to meet foreign economic actions, such as the 1973 Middle
East oil embargo, this Act helped establish the current pre-development
program for NOSR-1.

NOSR 1 cannot be viewed as simply another parcel of Federal mineral
land, such as the large o0il shale holdings managed by the Department of the
Interior. The unique status of the NOSRs allows the government to control
their development and production in ways which either cannot be done
easily, or at all, with other Federal holdings. Section 7428 of Public Law
94-258 specifically provides that:

"Every unit or cooperative plan of development and
operation... and every lease affecting lands owned by the
United States within Naval Petroleum Reserve Number 2 and
the 0il shale reserves shall contain a provision authorizing
the Secretary, subject to approval by the President and to
any limitation in the plan or lease, to change from time to
time the rate of prospecting and development on, and the
quantity and rate of production from, lands of the United

States under the P]an or lease, notwithstanding any other
provision of law."
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In practical terms, the Federal government reserves the right to control
not only development, but also production, such as by increasing or
decreasing the produced quantity, or by directing that the production be
sold directly to the Defense Department without entering the regular
commercial marketplace, such as is presently done with some of the
petroleum produced from the Naval Petroleum Reserves in California and
Wyoming. These types of controls afford the nation the opportunity for an
assured, dedicated, ready reserve of 1iquid fuels for national defense
purposes. The capability to have this assured supply, to be utilized
directly by the military, stockpiled, or delivered into the general
marketplace, is clearly of significant strategic importance.

As has been amply demonstrated in the numerous public forums already
conducted on the proposed development of NOSR 1, the issue of development
is not at all clear cut. Many factors must be considered in making the
determination. These factors include the strategic importance of NOSR
production, the anticipated production of other 0il1 shale lands, environ-
mental concerns, budgetary constraints, national energy goals and policies,
etc. Valid and persuasive arguments can be made on both sides of the
question. Favoring the start of development work now are considerations of
lead time and the proven reserves of 0il shale on NOSR 1. Given the
complexity and size of the effort involved, no significant production of
1iquid fuels products will be available from NOSR 1 until five to seven
years after development is initiated. The longer the start of development
is put off, the longer NOSR 1 will be incapable of effectively fulfilling
its intended purpose as a strategic, ready reserve of 1liquid fuels. Once
production starts, NOSR 1's proven reserves of 2.3 billion barrels of oil
are sufficient to sustain production for decades, even at the maximum rate
technologically feasible. NOSR 1 production is thus not a quick, short-
lived source of 1iquid fuels. Once developed, however, it would provide an
assured source of fuel well into the next century.

The primary argument against the start of development work now is
budgetary constraints. In addition, development of NOSR 1 may generate
significant environmental and socioeconomic impacts on NOSR 1 itself and on
the region around NOSR 1. These impacts may be further aggravated by oil
shale and other energy related development projects on lands near the
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NOSRs, although these have been curtailed presently. Postponing the
development of NOSR 1 would avoid any contribution to these potentially
adverse impacts.

Role of this EIS in the Decisionmaking Process

This programmatic EIS is designed to fulfill the purposes established
for these documents by the National Environmental Policy Act (NEPA) and the
Council on Environmental Quality (CEQ) regulations implementing NEPA: (1)
to help the Department reach a decision on the basic, programmatic issue of
whether or not to develop NOSR 1 that is based, in part, on an understand-
ing of the environmental consequences of this action; (2) to identify the
environmental effects in adequate detail so that they can be compared to
economic, social, technical and other considerations; (3) identify, at an
early stage, the significant environmental issues deserving of further
study, thereby narrowing the scope of later, site specific impact state-
ments; (4) to study and describe appropriate alternatives to the proposed
action; and (5) through the scoping process, public hearings and the
solicitation of comments, to encourage and facilitate public involvement in
decisions which affect the quality of the human environment.

It is the Department's opinion that, on a broad basis of analysis, it
is the basic decision of whether or not to develop NOSR 1 which acts as the
switch to turn on or off various environmental and other impacts. This
Programmatic EIS presents an analysis of this broad level of impacts
anticipated from the development of NOSR 1, and from a group of reasonable
alternatives. Should the decision be made to develop NOSR 1, the exact
mining, retorting and upgrading processes and the overall development
mechanism (i.e., leasing, government owned-contractor operated facility,
etc.) will lead to further refinements in the analyses cohtained in this
EIS, and these will be dealt with via a draft and final site-specific (and
technology-specific) EIS. If the decision to develop NOSR is postponed
until some time in the future, the information and analyses in the
Programmatic EIS will be reexamined to determine their validity at that
time. Should it be deemed necessary to update the data and analyses, a
supplement to this Programmatic EIS will be prepared and published pursuant
to the procedures contained in the CEQ regulations implementing NEPA. In
addition, the Department of the Interior (DOI) is preparing a programmatic
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EIS which will describe and analyze alternative strategies for the
development of a long-term federal oil shale leasing program. This EIS
will include analyses of the environmental and socioeconomic impacts
(including cumulative impacts) of projected shale oil development in the
Piceance Basin where NOSR 1 is located. Although the NOSR 1 project is
different in certain key aspects from the federal 0il shale leasing
program, the potential impacts from a NOSR 1 project, both site specific
and cumulative, are certainly very similar to those anticipated from a
shale oil project under the federal leasing program. For this reason, DOE
is discussing with DOI the feasibility of including a NOSR 1 shale oil
project as one of the potential development projects covered in the DOI
programmatic EIS. This DOI programmatic EIS should be published in draft
form during the fourth quarter of 1982. 1In addition, DOI is presently
preparing a number of other EIS's which involve o0il shale, such as the
Prototype 0i1 Shale Leasing Supplemental EIS and the Uinta Basin Synfuels
EIS. Any future NEPA compliance work for a NOSR 1 project will also be
coordinated with these efforts.

Given the lack of any development plans for NOSR 1 at this time, the
Department considered the soundness of publishing a final EIS for what in
effect is a "no action" proposal. Although there were valid reasons and
precedents for not going forward from the draft EIS, issued in September
1980, the Department felt that, on balance, the program and the public
interest would be best served by revising the draft EIS according to the
comments received on it and issuing a final programmatic EIS, thereby
completing at least this first phase of the NEPA compliance process for the
NOSR 1 project.




3. ALTERNATIVES AND COMPARISONS

The objective of this Programmatic EIS is to assess and compare the
environmental impacts of the production of 1liquid fuels by a number of
alternative means including NOSR 1 shale oil development. Should the NOSR
1 alternative be selected, then five policy options for development have
been examined, and these are assessed and compared in this section. In
this section, all alternatives and options are briefly described and their
impacts compared. Details are provided in the sections and Appendices
which follow.

3.1 LIQUID FUEL SUPPLY AND CONSERVATION ALTERNATIVES

In order to gauge the impact of the no-action policy option’for NOSR
1, the liquid fuel that NOSR 1 could have provided is postulated for supply
by some equivalent 1iquid fuel source, as noted in Section 3.2 To enable
making equivalent quantitative, not merely general, comparisons, the
alternatives will be represented by:

o0 One or more plants of a specific type and commercial modular size
that can produce 50,000 and 200,000 BPD of 1iquid fuel

o A specific conservation program with savings of 50,000 and 200,000
BPD of liquid fuel

o A specific locale for each alternative {in an area capable of
producing 50,000 to 200,000 BPD more than current production

o A standard chart of environmental impacts to be calculated in the
same manner for each alternative.

The typical process or program representing each alternative was
selected using these criteria:

o Feasible commercial production of at least 50,000 BPD by 1990

o Available environmental, cost, and engineering data usable at
50,000 BPD production. Impacts and costs for 200,000 BPD

production were scaled from information available at 50,000 BPD
level

0 Process demonstrated at an acceptable scale
0 Environmental emissions neither excessively large nor small

compared with other processes that could represent that technology
alternative.
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Several processes qualified for various alternatives, and final
selection was based primarily on data availability. Locale was selected
based upon the existence of a plant, plant design, or EIS for a particular
process at that location, provided the location was thought to be repre-
sentative. If none of these existed, a general location was chosen as
representative of the area in which major development could take place.
Representative processes selected as alternatives are shown in Table 3-1
and described in detail in the following section.

Table 3-1. Technologies Selected to Represent
Liquid Fuel Alternative

NOSR 1 0il1 Shale: Underground mining, combination of
surface retorting and upgrading
Conservation: Transportation sector, 1ight-duty
B vehicles
Sl
0i1 Shale Development Underground mining, TOSCO II
on Other Land: retorting, Colony Project
EOR: Steam injection, Kern County,
California
0CS: Platforms, Gulf of Mexico
Tar Sands: Steam injection, Conoco Project,
Uvalde, Texas (See text)
Coal Liquefaction: SRC II, Morgantown, West Virginia
Biomass/Alcohol: Grain fermentation, Central
IT11inois

This approach provides numerical results and, to the degree that plant
selections are representative, a reasonable basis for quantitative compar-
isons among alternatives. To the extent that large variations in locale,
pollutants, hazards, or labor force among candidates may preclude repre-
sentation of any one alternative, this approach would not provide a valid
basis for drawing general comparisons among alternatives. It should be
noted, however, that numbers presented should be considered as relative
rather than absolute indicators.




3.2 ALTERNATIVE LIQUID FUEL SOURCES - DESCRIPTIONS

The eight alternatives in Table 3-1 are discussed in terms of how and
why the selection was made and the technology employed. In the following
sections, major environmental impacts are plotted on a comparative basis,
and the comparisons are discussed. Most descriptions and data follow in
Sections 4 and 5 and in the Appendices. Because the data are extrapolated
from the results of smaller-scale tests, they should be considered as
approximations.

NOSR 1 0il Shale*

The reference shale oil production system chosen for NOSR 1 is that
selected early in the Predevelopment Project for interim baseline purposes.
Selection of that production system is based on its suitability to the
NOSR 1 resource and the availability of adequate existing data; no recom-
mendation is implied by its selection.

The reference system uses room-and-pillar mining, three different
types of surface retorts, a straightforward upgrading of the raw shale o0il
to a refinery feedstock syncrude, and pipeline transportation of that
product. There are seven direct- and two indirect-fired retorts that
handle coarse ore, and one indirect-heated retort utilizing a solid heat
transfer medium for handling all the ore fines. Mine and plant are located
in the northwest quadrant of NOSR 1 near Hole 18 (TRW 41x-13), about 13
miles northwest of Rifle, Colorado. The product pipeline runs from the
plant site to Casper, Wyoming. Onsite surface disposal of spent shale in a
suitable canyon is the reference design, although return of spent shales to
mined areas is being considered.

The plant output is nominally 50,000 BPD. Maximum practical produc-
tion rate on NOSR 1 is 200,000 BPD, a rate sustainable for over 20 years.
The predevelopment plan, however, is based on the 50,000-BPD production
rate. This EIS analyzes the reference 50,000 BPD, and integral multiples
of the results for this facility will be used for larger facilities.

* Material for this section is based on "Shale 0i1 Production System
Reference Case Study", a report by TRW, June 1979; and Appendix B of the
present document.
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Conservation

There are three major conservation areas: residential and commercial
buildings, transportation, and utilities. Of the three, conservation in
the transportation sector has the most direct impact on liquid fuel use.
Among several transportation conservation options, reduced vehicle weight
was chosen to represent the conservation alternative. This option was
selected since it allows impacts related to reduced gasoline consumption to
be calculated without requiring assumptions to be made concerning changes
in Tife style (such as in the case of shifts from cars to mass transit) or
additional secondary environmental impacts (such as the air pollution
emissions attributable to buses). This selection, therefore, provides the
greatest beneficial impact to society for the reference amount of liquid
fuel savings.

Only light-duty, gasoline-powered passenger cars are considered in
this analysis. Total fleet emissions for EPA criteria pollutants are
projected for 1990 using emission factors developed by EPA. The reduction
in emissions is calculated from a national savings of 50,000 BPD of gas-
oline. This fuel efficiency improvement is assumed to result from a
decrease in vehicle weight only, thus factors which would change the vehi-
cle emissions, such as engine modifications or changes in vehicle use, need
not be considered. The reduction in emissions which would result from
using less gasoline also is calculated for the Denver area (see Section 5).
Although this is a hypothetical case, vehicle weight reductions are a very
plausible means of increasing vehicle gasoline mileage. It is assumed
vehicle weight reduction would be accommodated during annual model year
changes.

0i1 Shale Development on Other Lands

The representative case selected for this alternative is the Colony
Project, which utilizes the TOSCO II retorting process. A number of
processes were evaluated before Colony was selected: TOSCO II, Paraho,
Union B, Superior, Lurgi, Hytort, Occidental, and Geokinetics. Geokine-
tics, Hyvtort, and Lurgi were not chosen because of the small size of their
demonstrations. Occidental lacked a successful large-scale test and did
not meet the necessary information standards. Adequate data for Superior
and Union processes were unavailable.
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Colony (TOSCO II process) has completed a detailed engineering design
and cost estimate and an EIS. TOSCO has operated a large 1,000-TPD semi-
works plant (about 750 BPD) and has extensive information on plant charac-
teristics. Paraho and Union are also well advanced in planning; however,
Colony's estimated date of 1985 for commercial operation of a 47,900-BPD
plant and the volume of available data make Colony a good choice.

The Colony Development Operation is located on the south edge of the
Piceance Basin at the head of the Parachute Creek Valley. While adequate
to support a 50,000-BPD facility, that property is probably not adequate to
support a 200,000-BPD facility. To perform the necessary comparisons at
the higher production rate, we will consider that some unspecified adjacent
land will be utilized, as necessary.

The Colony production system involves conventional room-and-pillar
mining and fine crushing of the ore. The TOSCO II retort utilizes hot
ceramic balls to heat and retort the shale. The spent shale is cooled and
wetted before disposal. The raw shale o0il is upgraded before being
transported to refineries by pipeline.

Enhanced 0i1 Recovery (EOR)

Based upon the July 1979 report from the DOE Working Group on Enhanced
0i1 Recovery, Unconventional Gas, and 0il Shale, and reinforced by industry
estimates, it is believed only two EOR processes will produce significant
quantities of 0il by 1990. They are steam injection and 0, flooding.
Currently, about 373,000 BPD of o0il are produced by EOR; 250,000 by steam
injection; about 100,000 by C02 injection; and the remainder by chemical
and polymer flooding. Steam injection accounts for 99 of 196 EOR projects,
with 72 of those in Kern County, California. By 1990, steam injection is
expected to produce 450,000 BPD; and CO2 injection, 400,000 BPD. Although
CO2 will have the greater rate of increase, steam injection provides
greater data availability and concentration of projects, and longer period
of operation. Therefore, steam injection in the Kern County area was
selected to be representative of EOR technology.

Both steam soak and steam drive processes are widely used. In the
steam soak process, large quantities of steam are injected into a producing
well and allowed to soak into the formation. The heated 0il, having more
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mobility, is then allowed to flow into the well. In the steam drive
process, separate wells are used for steam injection and o0il production.

Outer Continental Shelf Petroleum (0OCS)

0CS o0il production in the Gulf of Mexico was selected as the
representative case for OCS production. Location of OCS production is the
most significant variable in determining environmental impacts of OCS
development. Impacts will vary acording to production depth, weather
conditions, geology, transportation modes, level of production, and
requirements for onshore processing facilities--all functions of the
location. Of the 15 OCS areas under consideration by the Bureau of Land
Management for new leasing in the period from March 1980 to February 1985,
only five are expected to produce oil at rates of 200,000 BPD or greater.
These areas are the Chukchi Sea, Beaufort Sea, Navarin Basin, Gulf of
Mexico, and Southern California OCS, including Santa Barbara Channel. (See
Reference 19, Section 5).

The first three areas are located on portions of the Alaska OCS,
characterized by such extreme conditions as severe storm activity, shear
ice, moving pack ice, and permafrost. The Chukchi Sea lease should produce
more oil than any of the other new leases, but due to these difficult
conditions peak production is not anticipated until 1994. Al1 of these
areas are sensitive to oil spill damage. By contrast, OCS production in
the Gulf of Mexico and Southern California will operate under more moderate
climatic conditions. However, the Southern California OCS is in an area of
high seismic risk and is also highly sensitive to spill damage. The Gulf
0CS experiences frequent hurricane activity, and facilities must be
designed to withstand high winds and waves. The Gulf area is moderately
sensitive to oil spill damage. New production in the Gulf will peak before
1990, whereas production off Southern California will peak between 1991 and
1993.

Any one of these five areas could have been selected to represent the
OCS alternative. Production in the Gulf of Mexico was selected primarily

because of its earlier production potential. The general site selected is
at a 400-ft depth 100 miles offshore along an extension of the Texas-
Louisiana border.




Conventional fixed platforms are used for most Gulf of Mexico OCS oi
production. The platforms are typically steel-jacketed structure§ which
rest on the sea floor. From these platforms a number of wells are drilled.
Three platforms would represent a 50,000-BPD case and 11 platforms would
represent a 200,000-BPD case. 0il, water, and natural gas produced from
the wells are separated on the platform. The o0il is metered and piped to
shore. Natural gas, if present, is dehydrated, pressurized, metered, and
piped to shore.

Tar Sands

Most effort in tar sands is being concentrated on the Canadian
deposits. In the United States, other than small-scale DOE projects,
effort is being concentrated in that blurred dividing 1ine between heavy
oil and tar sands. The Getty project in the diatomaceous earth deposits of
California falls into such a category.

The CONOCO South Texas Tar Sands Project is possibly the U.S. tar
sands project most advanced toward commercial production. The CONOCO
process is quite innovative and several patents are pending. Because of
the patent situation and sensitivity of this new project's competitive
position, CONOCO was able to supply only partial information. In addition,
CONOCO plans only 10,000-BPD production by 1990, which does not allow for a
fair comparison to be made with other, larger-scale projects.

Although some preliminary CONOCO data regarding basic technology
parameters exist, insufficient information precludes any reasonable
assessment of impacts due to tar sands development. Therefore, tar sands
will not be included in the comparison of alternatives.

Coal Liquefaction

Five liquefaction processes were investigated, two indirect and three
direct. The indirect processes are SASOL and Mobil M-gasoline. The direct
processes are SRC II, H-Coal, and Exxon Donor Solvent (EDS). Although
SASOL is the only process in commercial operation (South Africa), and util-
izes a modified Fischer-Tropsch process, lack of available data precluded
its choice. Mobil M-gasoline uses Lurgi gasification, a proven process,
followed by methanol synthesis. Methanol-to-gasoline conversion is a




proprietary Mobil process that has been tried only at bench scale. More-
over, environmental impacts for the integrated unit are unknown, precluding
the choice of Mobil M-gasoline.

A 250-TPD (450-BPD) pilot plant for EDS is under construction, but
operations to-date have been conducted only at 1/2 TPD (1 BPD). Scale-up
from that level to commercial scale does not provide environmental data of
sufficient confidence to merit the choice of EDS. A 3-TPD (6-BPD) unit has
been operated for H-Coal and a 600-TPD (1,100-BPD) pilot plant is under
construction. While this may provide adequate future data, information
exists only for the 3-TPD unit. Again, the scale-up factor weighs against
the choice of H-Coal.

A 50-TPD (90-BPD) pilot plant has been operated for SRC II and a
6,700-TPD (12,000-BPD) demonstration plant is in design for Morgantown,
West Virginia. The scale-up factor is lowest for SRC II, more data of
satisfactory confidence level are available, and Morgantown is repre-
sentative of areas in which the first liquefaction plants will be built.
Therefore, SRC II at Morgantown was chosen as representative of the coal"
liquefaction alternative.

The primary processing sections of SRC II consist of coal-slurry
preparation, dissolver, refining, recycle gas treating and compression, and
hydrogen recovery. Other sections include hydrogen production, gas plants,
and secondary recovery system. The plant is designed with utilities
included except electric power, which is purchased from a local utility.

Biomass/Alcohol

Grain fermentation to produce ethanol for use in gasohol or alcohol
fuel production was selected to represent the biomass/alcohol alternative.
The plants will be located in Central I11inois. Ethanol from grain was
chosen because the technology is state-of-the-art and currently demon-
strates better economics than production by other means of liquid fuels
from biomass. Liquid fuels are produced from biomass primarily either
through biological or thermochemical conversion processes. Pyrolysis
techniques are under development by both Occidental Research Corporation
(ORC) and Pittsburgh Energy Technology Center (PETC). Both processes
produce a heavy fuel oil. ORC flash pyrolysis has been demonstrated at a
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200-TPD scale in San Diego, California, using municipal solid waste as
feedstock. Process and environmental data for these processes are not as
readily available as for ethanol fermentation. Acid hydrolysis of cellu-
losic wastes and subsequent fermentation was not chosen because it is in an
earlier developmental stage than grain fermentation. For these reasons,
grain-to-alcohol processes are more likely to make a substantial 1iquid
fuels contribution by 1990 than fermentation of cellulosic wastes or pyrol-
ysis of solid waste. The Central I11inois location was chosen because raw
materials such as grain and coal are close at hand, and a local market
exists for agricultural byproducts. Sixty-five percent of current gasohol

production is from this area.

The reference case chosen for biomass/alcohol is an energy-conserving
plant design by R. Katzen Associates. The design incorporates traditional
fermentation processes and demonstrated energy conservation processes,
although no plant of this type has been built. The plant is designed to
produce 50 million gallons of 199 proof ethanol annually (3,600 BPD) from
corn. Fourteen such plants would produce an average 50,400 BPD of ethanol.

Preferred Alternative

Included among the alternatives to NOSR 1 development is the option of
"no action at this time". This is the current preferred alternative for
the Department of Energy based upon a host of factors evaluated in June
1981, including administration policy, the pace of industry development,
national petroleum demand, potential environmental impacts and the 1ike.
The "no action" alternative does not mean, however, that all action on NOSR
1 ceases. Instead, it means no action will be taken by the government at
this time to move to develop NOSR 1, although the desirability of doing so
will be periodically reevaluated. Environmental baseline monitoring,
meteorology monitoring and hydrology investigations will also continue in
an effort to achieve the best understanding possible of the NOSR 1
ecosystem.

3.3 ENERGY EFFICIENCY COMPARISONS

Efficiency of energy supply alternatives can be calculated in a
variety of ways. Three of the most often used, net energy, thermal and
system efficiency, will be included in the technology descriptions in

3-9




Appendix B. It should be noted that these efficiency calculations are
difficult and time consuming and that some data needed may not be available
for a given technology. A detailed net energy efficiency analysis for the
proposal and alternatives is presented in Appendix C. Thermal and system
efficiency are described in the introduction to Appendix B. Net energy
efficiency calculations are presented in terms of barrels of o0il equivalent
(BOE) produced for each BOE invested. Others are in percentages. Net
energy efficiency comparisons are shown in Figure 3-1.

3.4 ENVIRONMENTAL IMPACT COMPARISONS

Developing any of the technology alternatives discussed above will
have adverse effects on the local environment where such development
occurs, except for the conservation case which will have a small beneficial
effect nationwide. The degree of impact will depend on factors such as
emissions or water requirements directly related to the process, to the
successful use of mitigating measures, and on the ability of the environ-
ment to accommodate the residual factors. In the following discussion, the
environmental impacts of these alternatives are compared quantitatively
wherever possible, and qualitatively elsewhere.

First, air pollutant emissions from the seven technology alternatives
are compared in Figure 3-2. Emissions data from Section 5 and Appendix B
have been normalized to a production level of 50,000 BPD. Data cited for
the NOSR 1, conservation, other o0il shale, coal liquefaction EOR and
biomass/alcohol cases represent controlled emissions. However, controlled
emissions data for OCS are unavailable. In this comparison the OCS rigs
are assumed to be a sufficient distance from shore (as defined by USGS
regulations) so as not to require air pollution controls.

Pollutant emissions are presented to enable making a gross quantita-
tive comparison of alternatives. A better comparison would be in terms of
air quality impacts which are not a function of pollutant emissions alone.
Existing air quality, weather patterns, climate, terrain, and cumulative
effects of multiple pollutant sources interact in a specific locale to
produce the air quality impact. To indicate accurately the effect that
emissions will have on the environment requires detailed, site-specific
modeling. Modeling of air quality impacts would also facilitate identifi-
cation of potentially non-linear relationships between production levels.
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Figure 3-2.

Air Pollutant Emissions Normalized to 50,000-BPD Production Level
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Unfortunately, adequate models which can represent dispersion in rough
terrain such as that found in the Piceance Basin have neither been
developed nor validated for either short or long distances.

Air quality impact modeling data are available for the Colony project.
This data may be found in the Final EIS for Colony Development referenced
in Section 5. Modeling results recently have also become available for an
SRC-II demonstration project and may be found in the "Final Environmental
Impact Statement, Solvent Refined Coal-II Demonstration Project, Fort
Martin, West Virginia“ DOE/EIS-0069. EISs available for OCS development
and the environmental assessment of an EOR project do not present air
quality impact modeling data. EISs are not available for the other
alternatives.

Of even greater importance than the air quality impact of a single oil
shale development in the Piceance Basin is the cumulative air quality
impact (and other environmental impacts) of a total industry development in
the Basin, including oil shale, uranium, coal, gas, oil, electric power
generation, weapons establishments, and new and enlarged communities. Such
a comprehensive analysis is presently being done by the Department of the
Interior for its programmatic EIS on its long term o0il shale leasing
program.

A review of the Colony EIS shows that the highest mean concentration
levels as a result of emissions occur in a cigar-shaped area originating at
the plant site and extending in the prevailing wind (north-northeast)
direction. The effect of multiple plant sites could have a strong additive
effect on ambient air quality if they were sited along the prevailing wind
direction, and spaced within a few miles of each other. Such conditions do
occur for NOSR and Mobil (6 to 8 mile spacing), Union and Colony (5 mile
spacing), and other combinations of relatively inactive land noldings along
the southern rim of the Piceance Basin. Actual air quality values will, of
course, involve very specific consideration of local wind patterns,
terrain, and emissions.

The Flat Tops Wilderness Area is a Class I air quality area located
some 40 miles northeast (i.e., downwind) of NOSR. Since the pollutant
concentration standards are far lower in such an area, and visibility could
conceivably be adversely affected by even lower concentrations, both issues
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must be addressed in and site-specific EIS. The terrain between the
Piceance Basin and Flat Tops is extremely rugged, which makes diffusion
analysis very uncertain, especially over the large distances involved. To
our knowledge, there are no generally accepted calculations showing the
impact on Flat Tops from an oil shale plant in the Piceance Basin. In a
worst-case situation, one could expect that emissions from NOSR, Colony,
Union, Mobil, and possibly C-b, should there be plants on each of these
properties, could contribute cumulatively to the air pollution at Flat
Tops. In the project-specific EIS, this cumulative impact, and its effect
on visibility, will be address21.

The status of the air quality control regions in which each reference
energy alternative is located is identified in Figure 3-2 as nonattainment
(NA) or prevention of significant deterioration (PSD), based on 1977 data.
This information is presented as a gross indicator of existing air quality
at each reference site. In areas which are NA, the ambient air quality
standards are not being met for a specific pollutant. Pollutant offsets
(reductions in pollutants from other sources) are required in cases where a
new facility is sited in a nonattainment area. If an area is classified as
attainment, ambient air quality standards are being met. However, this
information does not indicate the ability of an area to absorb increased
pollutant loading. This must be determined on a site-specific basis
through analysis of existing air quality and detailed modeling of pollutant
dispersion. Nevertheless, those energy alternatives located in a PSD area
for any emitted pollutant may face as much difficulty in development as
those located in NA areas.

Water consumption, land use, and solid waste are numerically compared
for all the energy alternatives, except conservation which is excluded
since its impacts are expected to be minor. Water requirements are
presented in Figure 3-3. The impact of these requirements on local water
resources will depend on water availability. The reference case for NOSR 1
development is less water-intensive than the TOSCO II process. However, if
the most water-intensive process being considered for NOSR 1 development
were chosen, the plant and domestic water requirements could be as high as
12,090 acre-feet/year for 50,000-BPD production and 48,360 acre-feet/year
for 200,000-BPD production. No final process selection has yet been made
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for 50,000-BPD Energy Alternatives




for NOSR 1, but water consumption will be an important factor in that
decision.

Again, the cumulative requirements for regional development may become
a controlling factor. Several regional water studies have been made,*
generally concluding that while there is sufficient water potential to
support energy growth, water retention facilities are inadequate at this
time. These conclusions are dependent on controversial water need projec-
tions and are contingent on certain legal developments between the upper
and lower Colorado Basin states.

The impact of such water requirements will depend on local water
supply conditions. For EOR, the actual resources impact varies with the
water quality of oil-bearing formations. If water produced in conjunction
with oil recovery can be treated for steam production, there will not be a
net requirement for water and impact should be minimal. If, however, water
must be purchased, impact may be significant. Discussions with the Kern
County Water Agency indicate that available water supplies are committed to
current users and that additional supplies are being sought for both agri-
cultural uses and oil production. Discussions with Tocal regional planning
commissions in central I1linois sugqgest that 50,000 BPD ethanol production
could be supported easily if the 14 plants are dispersed throughout the
area but that some areas could not support even a single 3,600 BPD plant.
The SRC II project will withdraw water from the Monongahela River and could
have an adverse impact on water resources during periods of low flow.
Conservation and OCS should not affect water resource availability.

Land required by the reference cases is also presented in Figure 3-3.
EOR will require the largest area due to well spacing requirements. Much
of this land will be suitable for other concurrent uses such as grazing.

0i1 shale will require sizable areas for permanent disposal of spent
shale. Current surface uses of the NOSR, such as hunting and grazing,

See, for example, "Report on Water for Energy in the Upper Colorado River
Basin", U.S. Department of Interior, July 1974, or "Water for Western
Energy Development - Update 1977", Western States Water Council,

September 1977, or "The Availability of Water for 0i1 Shale and Coal
Gasification," Colorado Department of Natural Resources, October 1979.
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would not be possible in the immediate vicinity of the oil shale facility.
Land uses not illustated in these figures include right-of-ways for

pipelines and powerlines.

Solid wastes generated by each alternative are also illustrated in
Figure 3-3. The large amount of solid wastes resulting from oil shale
processing as compared to other alternatives is, of course, the spent
shale. The NOSR 1 predevelopment project is considering replacement of
some 80% of these solids in the oil shale mine, but this case is not
presented here.

Surface disposal of solid waste requires both an adequate and an
environmentally suitable disposal site.

Colony's plans for spent shale storage have been incorporated in the
Colony Final EIS. NOSR terrain is similar and has a larger number of
potential sites from which to choose. A description of the SRC II project
indicates that acceptable sites and impermeable clays for 1ining the land-
fill are available at the proposed project location.* Solid wastes for the
other alternatives are generated in smaller quantities and specific plans
for these wastes are not known.

The last two environmental impacts compared, potential for water
quality degradation and health and safety hazards, cannot be evaluated
numerically. Therefore, they are compared in a range of "“negligible" to
"heavy" potential impact, and are represented qualitatively in Figure 3-4,
based on the subjective evaluation of all referenced data. Water dis-
charges are planned only for the biomass/alcohol and OCS alternatives.
During normal operation, brines produced from OCS operations are not
expected to adversely affect water quality. No information is available
for biomass/alcohol discharges other than the assertion that fluid dis-
charges will be treated to meet effluent standards. Whereas these direct
discharges should not greatly affect water quality, runoff from spills,
leaching, and other indirect sources could degrade water quality. The most
serious spills would probably result from OCS operations and could have a
moderate-to-heavy impact on water quality. A possibility exists that a

* SRC II Demonstration Project - Demonstration Plant Descriptions, July
1979.
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large OCS oil spill could occur, and such marine spills are generally more
difficult to contain than spills on land. A spill would affect water
quality directly for a relatively short time, but residues would persist in
the marine environment for several years. Spills associated with the other
alternatives would be more easily contained and are therefore considered
less serious. Nevertheless they are a concern and may cause light impact.
Leachates from spent shale disposal in shale oil production may degrade
surface and especially groundwater quality if control measures prove
inadequate. Measures are planned to control leachates but have not been
demonstrated over the long term; therefore, this potential for impact is
considered moderate for both 0il shale alternatives. Acid produced from
mining and storing high-sul fur coal may have a light-to-moderate effect on
water quality in the liquefaction case. The biomass/alcohol alternative
will affect water quality through nonpoint (field) agricultural runoff.
This effect is not serious locally, but is sufficiently widespread to be
generally considered a 1ight impact.

Health and safety effects of the alternatives also are represented
qualitatively in Figure 3-4. Each alternative requires that flammable and
explosive hydrocarbons be handled; thus, fires and explosions are a poten-
tial safety risk. High-temperature and high-pressure operations are asso-
ciated with oil shale, EOR, and coal liquefaction. These operations pose
light risks to worker safety. OCS operations are conducted at lower
temperatures and pressures but safety risks are considered somewhat higher
due to platform isolation and the influence of severe weather conditions.
Alcohol production is shown as a negligible-to-light risk, due to less
severe operating conditions.

There is some evidence that contact with hydrocarbons may result in
serious adverse health effects, such as carcinogenesis. Continuing studies
in this area may improve our understanding in the future; at this time,
coal liquids are considered to be a moderate-to-major hazard in this
regard, due to the greatest concentration of harmful chemicals, such as
benzo(a)pyrene and other polycyclic compounds. Shale oil is considered to
pose a somewhat lesser hazard, followed by petroleum (EOR and 0CS), and
finally biomass/alcohol, considered to have the least health risk due to
contact with hydrocarbons.
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The presence of hazardous substances in fugitive emissions and
emission controls of off-gases could pose a threat to public health through
low-level, long-term exposure. Public health hazards would tend to be
greater for those processes having the largest concentrations of harmful
chemicals, such as coal liquids and shale o0il production.

Wildlife and vegetation may be affected through spills, construction,
and plant operation for all a]terngtives except conservation. O0CS has the
most potential to affect the ecosystem because spills are difficult to
contain and could harm waterfowl and, if spills reached estuaries, larval
fish. Spills from other alternatives would be smaller and more easily
contained. 0il1 shale development, either on the NOSR or the Colony site,
could affect migratory patterns of a large mule deer herd. EOR will result
in habitat changes that may affect endangered species. Coal production for
liquefaction will affect aquatic ecosystems, through acid mine drainage.
Air pollutants may affect vegetation and wildlife habitats slightly.
Biomass will have little effect on either wildlife or vegetation, and
increased conservation may have slight benefits due to a reduction in air
pollution.

3.5 SOCIOECONOMIC IMPACT COMPARISONS

Large-scale energy development tends to generate rapid and discontin-
uous changes in the social and economic environment of rural communities.
These changes are due to social disruption, public service needs, shortage
of private goods and services, inflation, and revenue shortfalls. Adverse
effects from these changes are typically more pronounced in regions that
have not recently experienced any major new development, such as the
Western 0il shale area and the coal liquefaction area selected in West
Virginia. On the other hand, EOR, OCS, and probably the biomass/alcohol
facilities being located in areas having precedent experience, are less
1ikely to create severe socioeconomic problems. These qualitative issues
are discussed in Section 5.

The quantitative socioeconomic factors that can be estimated from
available data are compared here, based on analysis and results discussed
in Section 5. Note the several important qualifications on the analysis,
due to some of the necessary assumptions, which somewhat reduce the
accuracy, and tend to produce worst-case results.
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Population growth and financial impact on the community are the two
factors that can be estimated numerically. Population growth is attribu-
table to three factors: direct employment at the energy facility; induced
employment to provide service; and the families of all those employed.
Using multipliers derived from other enerqy development records, the popu-
lation impacts have been estimated and are compared in Figure 3-5 for the
50,000-BPD case. The permanent population increase, shown by the right-
hand bars, is based on the estimated plant operations personnel. This
population increase is achieved a year or two after plant operations begin.

The left-hand bars show the peak construction force and its families,
reached during the last two years of construction. Not shown on the bar
chart is the initial buildup of the service force during construction of
0il shale and coal liquefaction plants, which is hard to predict during the
ke]ative1y brief construction period. The other alternatives are not
expected to generate any substantial new service force, since they make a
small -impact in their local communities. Figure 3-5 also does not show
explicitly the overlap between construction and operation employment where
multiple plants are used. This occurs for EOR and OCS, but the impact is
seen to be small anyway. It also occurs for the biomass/alcohol plants,
where peak population could be almost the sum of the two bars for some
years. However, some spreading out of the 14 alcohol plants is likely, and
any one community would experience only a fraction of the indicated
population increase.

Across the top of Figure 3-5 is a qualitative assessment of the
population effect on the local community that relates the population
increase to the existing community. A "significant" effect could have
serious socioeconomic impacts unless adequate prior planning and prepara-
tion are accomplished. For example, the Colony Project has planned a new
community, based on 1ikely land use and settlement pattern analysis, to
help alleviate such impacts (see Section 5).

The second qualitative comparison deals with community and state
financial impacts. Figure 3-6 shows average annual public expenditures on
the right-hand bars and average annual revenues on the left. Although
shown side-by-side, a direct comparison of the total revenues and expendi-
tures does not provide an accurate measure of the financial balance in the
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community, due to delays and incongruency in state aid. The two o0il shale
projects, EOR and OCS, show a positive balance, whereas the biomass/alcohol
and coal liquefaction alternatives show a negative difference between
larger cash flows. Note, however, that the timing among the several
financial parameters could cause significant transient socioeconomic
impacts without adequate planning, even with a positive steady-state
balance, due to lags in revenues.

The NOSR 1 alternative has one special consideration, as shown in
Figure 3-7. If the facility is government-owned, then the local community
would lose the property tax. This loss would be compensated in part from
the Payment In Lieu of Taxes (PILT) program. In addition, and for all the
alternatives, special assistance funds, which are not considered here, are
available to local communities affected by energy development. Appendix D
lists such programs. This property tax loss due to government ownership is
the only significant environmental or socioeconomic impact difference among
the five policy options for developing NOSR 1.

A1l of these socioeconomic comparisons apply to the 50,000-BPD case.
For the NOSR 1 alternative, socioeconomic impacts for the 50,000- and
200,000-BPD cases are compared in Figure 3-8. The construction crew is not
expected to be larger, but would remain on the job about four times longer,
creating an overlap with the permanent population, as mentioned earlier.
The steady-state financial picture would be multiplied almost by four, and
the balance would remain positive for a privately owned plant.

The conservation alternative is difficult to assess in socioeconomic
terms. The primary consequence of saving 50,000 BPD of gasoline is a 0.6%
decrease in the amount of gasoline pumped across the nation. While this
does not appear as an amount sufficient to affect the service station
industry, it might ccaceivably have a slight impact on the gasoline dis-
tribution industry. Other socioeconomic impacts of the conservation
alternative as defined are expected to be minor since vehicle design
changes would probably be accommodated in annual model changes routine to
the auto industry which do not generate any significant demand for new
employment.
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3.6 DEVELOPMENT OPTIONS FOR NOSR 1

Five cases have been analyzed representing various levels of private
and government equity participation in the project. The five cases
analyzed are:

Case 1. The entire NOSR 1 property is leased to a private entity.

The government receives bonus bid, rent, and royalty payments based upon
the Department of Interior Prototype 0i1 Shale Leasing Program of 1974.

The private entity then develops the property and holds total equity in the
project. The project operations produce cash flow which the government
taxes, and the private entity receives its after-tax earnings representing
the return on its investment.

Case 2. The project is designated as a quasi-utility venture. It
has all the characteristics of a regulated utility with one notable
exception--government cannot reasonably guarantee a monopoly market for the
product. The private entity holds a total equity position and government
guarantees a negotiated rate of return on invested capital (rate-based
equivalent). In return for such guarantee, the private entity accepts a
lower than normal rate of return because of the guarantee provision.
Government provides supplementary payments to the private entity for less
than guaranteed earnings or assesses the project for any earnings realized
in excess of those negotiated.

Case 3. The project is a joint venture between government and private
entity; however, segments of the project are individually owned. Govern-
ment owns the property, the mine, primary crushers, utilities, spent shale
disposal equipment, and transports the ore to the plant gate at its cost.
Private entity owns the secondary crusher, retort and product upgrading
facilities, plus the products and byproducts. This configuration results
in a 27% equity position in the total project for government, leaving a 73%
share to the private entity. Government receives its ore costs plus taxes
on the taxable earnings of the private entity. Private entity receives its
normal after-tax earnings.

Case 4. The project is a 50-50 joint venture between government and
private entity. The government receives earnings based upon its half-share
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equity plus normal taxes on the taxable earnings of the private entity.
The private entity receives its normal after-tax earnings.

Case 5. The project is a classic GOCO venture. The government holds
the total equity share and receives all project cash flows. The private
entity operates the project facilities and receives a negotiated fee from
the government based upon the operating and maintenance costs. This fee is
taxed by the government.

No-Action Case 6. This case means non-usage of NOSR 1, and would

yield no financial data for comparative purposes. It leads to considera-
tion of equivalent liquid fuel supply alternatives, which are summarized
earlier in this chapter.

3.7 FINANCIAL ANALYSIS METHODS

Financial performance of the unit production facility has been
evaluated with analysis techniques commonly used by the American business
community. Discounted cash flow analysis of the potential venture, time-
valued investment disbursements and operating costs, and incoming revenue
streams from product sales yield the project's return on invested capital,
after taxes, in the usual business sense. The analysis clearly requires
several assumptions regarding the future business environment during the
projected economic 1ife of the project.

The unit facility financial performance has been analyzed under two
distinct scenarios:

1. A rate of return on capital employed is specified at 15% after
taxes for private capital and 10% for government funds, and determination
is made of the required constant selling price for the product in 1979
dollars which will achieve the specified return. This case gives some
insight into the downside risk potential for investors in the project, in
the event of decreasing product prices.

2. The return on invested capital is calculated assuming the
following price trajectory: at the beginning of the project, upgraded
shale o0il is priced at $25 per barrel, reasonable in 1979 terms. The price
is escalated, in 1979 dollars, by $1 per barrel for 10 years to $35 per
barrel, thereafter remaining constant for the project's specified economic
life. The future price of o0il is obviously unknown; however, the price
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trajectory chosen is considered conservative from the perspective of world
0il price evolution during recent years.

3.8 NOSR 1 SHALE OIL PRODUCTION FACILITY

Financial parameters used for the 50,000-BPD facility (in 1979
dollars) are:

Capital Costs $ Millions
Facility and equipment 875
Spare parts and miscellaneous 30
Reserve and working capital

(where applicable) 250
Other accumulated expenses 140
Total Capital Cost 1,295

Operating Costs $ Millions/year
Mining 39
Taxes, insurance, licenses, and

contingency (where applicable) 15
Other operating expenses 47
Total Operating Cost 101

Investment requirements and operating costs typify estimates of these
factors by private and government analysts over the past two or three
years, normalized to 1979 dollar values. Investment and project revenue
schedules are based upon current estimates of construction schedules,
startup production rates, and long-term average fraction of design
production capacity.

3.9 FINANCIAL RESULTS - SUMMARY AND DISCUSSION

Results of the analysis of the five financial options appear in
Figures 3-9, 3-10 and 3-11.

Figure 3-9 shows the required selling price for the product (Scenario
1) to produce a 15% after-tax return on invested capital to the private
sector and a 10% charge on government funds to offset the government's
borrowing costs. The highest selling price is required by the leasing case
and is about $26 per barrel, which approximates the composite world oil
price in late 1979. In all other cases, the required selling price is
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lower. The downside risk potential in the event of market price reductions
is measured against these required selling price values.

Under Scenario 2, which postulates a market price for 0il, the
financial comparisons from industrial and government viewpoints are shown
in the next two illustrations. Figure 3-10 displays the calculated
financial performance of the private entity for each of the venture con-
figurations. In the first three cases, where the private entity holds
equity (the quasi-utility is a special case), all after-tax returns on
invested capital run about 20%. Total industry benefits, defined as accu-
mulated earnings throughout the project 1life are, again, highest in the
maximum risk (lease) case. These benefits consist of the revenues from
project participation to produce a 15% after-tax ROI representative of the
required selling price case, and excess benefits, those accrued beyond the
15% return because of favorable market experience. This artificial separ-
ation of benefits components is shown for convenience. Total benefits
generally decrease with decreasing industry risk (increasing government
equity position), the quasi-utility case again being a special case.
Industry benefits in the GOCO case are derived from the fee received for
operating the facility.

Figure 3-11 displays costs and benefits to the government for each of
the venture configurations. In all cases, the ratio of benefits to costs
for the government greatly exceeds unity, indicating there is no net cost
to the government in any of the cases. Benefits compohents to the govern-
ment are thosa due to basic project return (the 10% charge rate for govern-
ment funds), additional return from sales due to favorable market price,
and taxes on the private entity's earnings.

3.10 CONCLUSIONS - FINANCIAL ANALYSIS

This venture analysis has examined the financial performance of, and
calculated the costs and benefits to, the government and a private entity
under variable conditions of single and joint ownership. Financial pro-
jection is only one of many factors that will contribute to a policy
decision regarding future development of NOSR 1. No judgment is intended
regarding these results and no specific recommendations can be offered
based only on the financial performance factors.
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4. DESCRIPTION OF AFFECTED ENVIRONMENTS

This chapter discusses the environments affected by each of the
alternative reference cases. They include portions of Garfield County,
Colorado (NOSR 1 and Colony oil shale projects); Denver, Colorado (con-
servation); Kern County, California (EOR); the Gulf of Mexico (OCS 0il
production); Uvalde, Texas (tar sands); Morgantown, West Virginia (SRC II);
and Central I11inois (biomass/alcohol). Figure 4-1 shows the location of
these reference cases. Descriptions of other environments potentially
affected by these alternatives (beyond those of the reference cases) may be
found in Appendix A.

4.1 NOSR 1: AFFECTED ENVIRONMENT

NOSR 1 is located in the southeast corner of the Piceance Basin in
Garfield County, Colorado. The tract is bordered on the east and south by
the Roan Cliffs, and traversed by tributaries to Parachute Creek.

The referenced case retort facility is located in the northwest
quarter of NOSR 1. The site is 11 miles from the town of Parachute,
Colorado, which Ties southwest of the tract, and 12 miles from Rifle, which
is southeast of the tract. Parachute has a population of 377 (1977), while
Rifle has a population of 2,244 (1977). The White River National Forest is
a discontinuous 238,000-acre area, parts of which lie to the southeast,
east, and northeast of NOSR 1. The forest contains three designated
wilderness areas: Maroon Bells-Snowmass, Gore Range-Eagles Nest, and Flat -

Tops. All three are mandatory Class I (pristine) areas for the purposes of
PSD and visibility regulations. Prevailing winds over the NOSR 1 tract are

directed toward the Flat Tops Wilderness area, which lies 43 miles
northeast of the reserves.

Topography and Geology

The topography of the NOSR 1 tract is typical of much of the Piceance
Creek Basin, being composed of steep cliffs and deep valleys. Elevation
varies dramatically over relatively short distances, averaging between
8,000 and 9,000 feet above sea level. The tract encompasses approximately
41,000 acres.
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0i1 shale occurs in three major zones. The rich Mahogany zone
(approximately 60 feet thick) interfaces with the upper and lower lean
Mahogany zones. Five low-grade zones of o0il shale occur above the Mahogany
zone, and two below it. Overburden above the Mahogany zone ranges from
zero at the East Fork Parachute Creek to 1,200 feet in the northwest por-
tion of the tract. O0il shale of the greatest thickness and quality is
found in the northwest corner of NOSR 1.

The Piceance Basin contains prominent systems of faults that cross the
basin about 20 miles northwest of the NOSR 1 property. Regularity of
structure contours within the Reserve suggests that large faults are
probably not present in the NOSR. One small fault is located on the NOSR
in an extreme northwest area of the Reserve. This fault is 1,500 feet long
on aerial photos and is not considered a hazard to development; however, it
may provide a channel for the flow of water into underground shale mining
operations in the vicinity of the property. No restrictions are antici-
pated on mine locations due to faults in the area. NOSR 1 is an area of
low seismic potential. There are no active faults on or near the NOSR
property. Only minor damage would be anticipated from distant earthquakes.
No restrictions are foreseen in mine placement due to faulting or unstable
slopes on the property. Soil creep, rock fall, and rare landslides present
the main categories of geologic hazard on NOSR 1.1
Meteorology and Climatology

The climate is semiarid in the Piceance Basin, with annual
precipitation ranging from 12 to 24 inches. Temperatures range from
approximately 10° to 90° F.

Meteorological data at the NOSR site have been collected since
December 1979 from a monitoring system located near the north central part
of the property. Monitoring has been conducted for wind speed and
direction, temperature, humidity, and rainfall. Table 4-1 summarizes
meteorological data collected during 1980 and 1°31. Wind speeds generally
average under 10 mph, with peak wind gusts reaching 40 mph. Wind direction

1TRN Energy Systems Planning Division, Long-Range Utilization of NOSR-1:
Photogeologic Evaluation of Hazards, for U.S. DOE, September 1980.
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TABLE 4-1. SUMMARY OF METEOROLOGICAL MONITORING DATA FOR 1980 AND 1981%*
QUARTER
PARAMETER Ist 2nd 3rd 4th
1980 1981 |1980 1981 {1980 1981 }1980 1981

WIND SPEED (mph) 8.9 8.5 7.9 9.8 7.9 8.0 8.8 9.7

10 Meters 8.9 8.5 7.9 9.8/ 7.9 8.3 8.8 9.7

25 Meters 10.2  10.3 8.8 10.7] 9.1 10.3 9.3  11.1

50 Meters 10.1  10.8 8.1 10.81 10.1 9.7 | 10.5 12.0
WIND DIRECTION (degrees)

10 Meters 178 210 182 195 | 201 174 169 193

25 Meters 190 197 184 18 | 188 174 206 194

50 Meters 192 (b) 185 181 156 177 178 198
TEMPERATURE (°F)

10 Meters 23.6 17.6 | 41.8 52.3} ND(b) 59.0 | 30.4  31.3

50 Meters(a) - 27.5 -- 53.2 - 59.1 33.7 30.9
RELATIVE HUMINITY (%) 54.5 54.6 | 39.1 38.1] 39.2 47.1 | 43.8  60.1
RAINFALL (inches) 0.54 .0.63| 0.11 0.9| 0.9 2.99( 0.8 1.6

*A11 Values are averages per quarter. Rainfall values and averages of total rainfall

(a) Monitoring started in November 1980

(b) No data due to sensor malfunction




is predominantly from the south to southwest, but there are periods when

the winds head from an east to northeasterly gradient.2

The wind direction parameter is one of the most critical in performing
dispersion modeling analysis, and based on the available data, air
pollutants would be transported primarily toward the north to northeast,
with the most sensitive receptor in this direction being the Flat Tops
Wilderness area. Based on wind data at this single point, there probably
would be 1ittle, if any, direct air quality impacts on the towns of Rifle
or Parachute from development on the NOSR.

Hydrology and Water Quality

Surface waters in NOSR 1 include the Corral Gulch, Trapper, and
Northwater Creeks in the northern half of the reserve; and Ben Good Creek
and the Parachute East Fork in the south. Al1 of these creeks flow in an
east-west direction and meet several intermittent tributaries before
reaching Parachute Creek to the west of the tract. Water flow through the
reserve is minimal during the late summer, fall, and winter. Parachute
Creek is part of the Upper Colorado River Basin system. Water flow is
extremely variable throughout the system and subject to salinity problems.
Groundwater in the NOSR 1 area is the subject of ongoing predevelopment
work. Early results indicate that the aquifers are isolated by geologic
barriers from groundwater outside the tract.

The Colorado River will probably serve as the water supply to the NOSR
1 project. The river is fed by the Green, Yampa-White, and Lower Green
Rivers, which drain a total of 29,504,000 acres.3 The flow of the Colorado
varies considerably by season. Competing water users, including NOSR,
other energy projects, and agriculture, will be permitted to use this
resource only in accordance with state water rights laws. The upper
Colorado is a popular trout fishing river. ‘

2TRw, Air Quality and Meteorological Monitoring at Naval 0il Shale
Reserves, 1980 Report June 1981.

3Regiona] Environment-Energy Data Book: Rocky Mountain Region, p. 274.




Preliminary analysis of surface water quality data reveals that NOSR
surface waters are of generally high quality. Specific conductance ranges
from 380 to 1,250 mhos (at 25°C) with most values lying in the 300-600

mhos range. This indicates generally good to excellent quality. Total
dissolved solids concentrations generally fall in the vicinity of 400-500
mg/].4 Stream sediment loadings are highly variable. Of the parameters
which have been measured, only nitrate and nitrite consistently exceed
water quality standards. This is probably due to livestock usage on the
NOSR. Cadmium and mercury levels have occasionally exceeded standards.5
Cursory review of other major and trace element parameters does not reveal
any outstanding values other than for strontium which is relatively high.
High levels of strontium also have been reported elsewhere in the oil shale
region.

Hydrologic studies of NOSRs 1 and 3 have shown the presence of four
persistent water-bearing zones. They are referred to as zones pending a
more precise delineation of their upper and Tower limits. The uppermost
zone includes facies of the Uinta Formation and the upper part of the
Parachute Member of the Green River Formation, which also contains a leach
zone readily identifiable on outcrop. This zone, called Zone 1, probably
is a more or less unconfined water table zone. Zone 2 is located at the
A-Groove, the lean zone overlying the Mahogany Zone. Zone 3 is located in
the vicinity of the B-Grcove, the lean zone at the base of the Mahogany
Zone. Zone 4 lies 100 to 200 feet below the base of the R-6 oil shale
strata that underlie the B-Groove. The topographic surface water drainage
divide which separates NOSR streams from the Piceance Creek drainage to the
north also is a groundwater divide. The groundwater system underlying
NOSRs 1 and 3, for about the first 2,000 feet in depth, is nearly an island
unto itself, having very little interaction with the rest of the Piceance
structural basin.® )

4TRw Energy Engineering Division, "NOSR Baseline Characterization
Report-1980", Draft, July 1981.

5Junkin, P.D., Private communication, July 1981.

6TRw Energy Systems Planning Division, "Interim Hydrology Report for NOSR
1", for U.S. Dept. of Energy, September 1980.
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Preliminary analysis of NOSR groundwater quality indicates the water
is of high quality. Specific conductance ranges from 460 to 895 mhos (at
25°C) with means of 569, 652, 685, and 719 for Zones 1 through 4,
respectively. Total dissolved solids range from 290 to 1,060 mg/1 with
means of 350, 384, 382, and 408 for Zones 1 through 4.7 While there may be
a slight increase in conductance and dissolved solids with depth, there is
considerable variability in the data and overlap of ranges. Of the
parameters measured, three sometimes exceeded the Safe Drinking Water
Standards. Arsenic and lead occasionally exceeded standards in Zone 1
only. Fluorides exceeded the standard in Zones 2, 3, and 4 and average

concentrations increase with depth.8

Air Quality

NOSR 1 is located in a region of generally excellent air quality.
Occasional short-term violations are reported in the region as the result
of natural dust (total suspended particulates) and hydrocarbon aerosols
(non-methane hydrocarbons). Although Garfield County in which NOSR 1 is
located is in attainment for the National Ambient Air Quality Standards
(NAAQS) primary standards, parts of Mesa County to the south violate
standards for TSP.

Ambient air quality data were collected at NOSR during the 1980 and
1981 summer programs. Monitoring was conducted for total suspended
particulates, sulfur dioxide, ozone, and trace elements monitoring for
inhalable particulates was added to the 1981 Program. The results of the
1980-1981 monitoring program9 indicated that air pollutant concentrations
are well below both federal and Colorado standards with the exception of
ozone. A summary of the data is presented in Table 4-2. The low levels
are due primarily to the absence of major emission sources on the site or
in the region.

7TRw Energy Engineering Division, NOSR Baseline Characterization
Report-1980, draft, July 1981.

8Junkin, P.D., Private communication, July 1981.

9TRN, Air Quality and Meteorological Monitoring at Naval 0il Shale
Reserves, 1980 Report, (draft), May 1981.
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Table 4-2.

(A11 values in micrograms/cubic meter

Summary of Baseline Air Quality Data at NOSR 1

)1

POLLUTANT/AVERAGING MEASURED LEVELS FEDERAL COLORADO
PERIOD 1980 1981 STANDARDS STANDARDS
Suspended Particulates 30 37 260 150
24-Hour Max imum
Sulfur Dioxide 13 69 365 365
24-Hour Maximum
3-Hour Maximum 44 118 1,300 700
Ozone 206 265 240 160
1-Hour Maximum
Lead 0.013 0.006 1.5 1.5
Quarterly Average

1Monitoring periods: June 25 to September 21, 1980, and June 25 to September 20, 1981.




Particulate emissions on the site consist primarily of fugitive dust
raised by vehicles traveling on unpaved roads, and from construction of
adjacent tracts. Table 4-3 presents particulate data collected during the
1981 program and includes both total and inhalable particulates. The
inhalable particulates include only those of 15 microns or less, and the
majority (58 percent) of the particulates sampled fall within this size
range. The maximum value recorded in 1981 was 37 mg/m3 compared to 30
mg/m3 in 1980. The geometric mean for the 1981 data was 24 mg/m3 and 18 in
1980. The higher values may be attributable to drier soil conditions, as
there was very 1ittle snow from January to May in 1981 and very little rain
until the latter part of the summer. The particulate levels on the average
were higher in July than in either August or September. In addition, there
was increased activity on adjacent oil shale tracts which produced
particulate emissions visible from the NOSR. Although insufficient data
prevent calculation of an annual geometric mean, the mean of 23 mg/m would
not be expected to be much higher on an annual basis, as higher levels are
expected during the summer months.

Sul fur dioxide levels, although low in comparison to ambient
standards, were significantly higher in 1981, possibly attributable to
several factors: increased exhaust emissions from the diesel generator,
which consumed more than twice the amount of fuel in the first month,
compared with the generator used the previous year; modification to the
sampling instrument as a result of EPA recommendations, making the instru-
ment more accurate; and higher ambient sulfur dioxide levels due to growth
in the area. The maximum 24-hour average recorded in 1981 was 69 %g/m R
compared to the standards of 365 mg/m3. The maximum three-hour average was
118 mg/m3 compared to the standards of 1,300 and 700 mg/m3 for federal and
state, respectively.

Ambient ozone levels exceeded both federal and state standards in
1981, while in 1980 only the more stringent state standard was exceeded.
The federal standard was exceeded on four separate days and the state
standard on 12 days, the same as the previous year. The maximum value
recorded was 265 mg/m3 compared to 206 mg/m3 in 1980. High ozone levels
are not unusual in the Rocky Mountain region due to elevation and intense
solar radiation that is a contributing factor to ozone formation. Although
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Table 4-3. Total Suspended Particulates
and Inhalable Particulates Data*

*1981

SAMPLE TOTAL SUSPENDED , INHALABLE INHALABLE PARTICULATE
DATE PARTICULATES (ng/m°) PARTICULATES (ug/m°) PERCENTAGE OF TOTAL

6-27-81 37 29 78

7-3-81 37 26 70

7-9-81 21 13 62

7-15-81 28 9 32

7-21-81 21 13 62

7-27-81 22 9 a1

8-2-81 22 11 50

8-8-81 25 18 72

8-14-81 19 12 63

8-20-81 23 17 74

8-26-81 22 12 55

9-1-81 13 8 62

9-13-81 23 13 57

9-19-81 22 13 59

GEOMETRIC MEAN 24 14 58




the ozone standards have been exceeded, the oil shale region has not been
classified as non-attainment area due to the limited amount of data
collected over the last few years. For permitting of new sources in the
region, both the EPA and the state would require the use of best available
control technology for all sources of volatile organic compound emissions
which are precursors to ozone formation.

Sampling for trace elements was performed to establish a baseline of
such elements that may be contained in shale and surrounding soils, as
during construction and plant operations these elements may be found in
fugitive dusts. With the exception of lead, no air quality standards exist
for these elements, although many have potential environmental and health
effects. The baseline concentration of the elements analyzed in 1980 and
1981 is shown in Table 4-4. Al1l the elements are at low concentration,
with some of them below the minimum detectable 1imit. The low levels are
due primarily to the Tow ambient levels of total suspended particulates,
since the trace element concentrations are a function of particulate
levels. Many of the 1981 trace element values are higher due to higher
particulate levels than in 1980.
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Table 4-4. Baseline Trace Element Analysis

ELEMENT 1980 LEVELS 1981 LEVELS
(ug/m’) (ug/m*)
Aluminum 4.79 <0.03
Antimony <0.0003 0.0004
Arsenic 0.0008 0.0013
Bery11ium ‘ <0.0001 0.0052
Bismuth 0.0002 0.0002
Boron 0.0016 0.3680
Cadmium 0.C005 0.0043
Calcium 7.55 1.78
Chromium 0.047 0.002
Copper 0.068 0.014
Germanium <0.003 <0.031
Iron 0.63 0.22
Lead 0.013 <0.006
Magnesium 2.30 0.67
Mercury 0.0002 0.0030
Molybdenum 0.0007 0.0098
Nickel 0.003 0.001
Selenium <0.0003 0.0005
Tin <0.0003 0.0009
Titanium 0.79 0.02
Vanadium 0.002 0.003
Zinc 0.036 0.015




Biological Resources10

In 1980 a number of biological studies were performed on NOSR 1.
These studies included a survey of vegetation, big game, endangered
species, small mammals, coyotes, birds, and fish. Highlights of these
studies are presented below.

Eleven native vegetation types and two other landscape units have been
mapped on the NOSRs. They are Aspen Woodlands, Douglas-Fir and Spruce/Fir
Forests, Pinyon-Juniper Woodlands, Mixed Mountain Shrublands, Juneberry/Big
Sagebrush Shrublands, Big Sagebrush/Snowberry Shrublands, Mountain
Grasslands, Moist Meadows, Indian Ricegrass Communities, Sparsely Vegetated
Slopes, Scree Pavement, Disturbed Areas, and Agricultural Areas. The
predominant vegetation types on NOSR 1 are the Aspen Woodlands and Big
Sagebrush/Snowberry Shrublands. On NOSR 3, the Mixed Mountain Shrublands
and Pinyon-Juniper Woodlands are the most common vegetation types.

The big game survey showed that portions of NOSR 1 are used heavily by
mule deer and elk as a summer range. Mule deer utilization is highest on
the ridge between Northwater and Trapper Creeks in the northwest part of
the tract. Elk utilization in the summer is also high in this location, as
well as in the southern part of the tract around the east fork of Parachute
Creek. While these parts of the tract are heavily utilized, use is
variable on NOSR 1 and is low compared to use of the winter range. This is
due to the wide availability of summer range which results in a more
dispersed big game distribution pattern in the summer months. Information
from the Bureau of Land Management indicates that the lower elevations on
NOSR 3 serve as critical winter range for mule deer and winter range for
elk. In addition to providing habitat for large game and other wildlife,
the NOSRs provide forage for cattle from spring through fall and for sheep
all year long. NOSR 1 is primarily a summer range and NOSR 3 is winter

range.

10TRw Energy Engineering Division, NOSR Baseline Characterization

Report-1980, Draft, July 1981.

4-13




A total of 29 species of mammals were observed on the NOSRs between
1975 and 1980. In addition to mule deer and elk, black bears, a puma,
coyotes, beaver, and bobcat were observed, along with many smaller mammals
including several species of squirrels, voles, ground squirrels, weasels,
mice, and rabbits.

Sixty-five species of birds were observed on the NOSRs from 1975
through 1980. Among these species are included the golden eagle, five
species of hawks, two falcons, and two species of owl. Two species of
grouse have also been observed. Census transects indicated that the most
common birds on NOSR 1 are the Vesper Sparrow, Blackcapped Chickadee,
Gray-headed Junco, and Mountain Bluebird. Each was most common in the
Snowberry, Aspen, Doublas-Fir, or Serviceberry habitat type, respectively.

The Northwater, Trapper, and East Middle Fork drainages each support
dense populations of native Colorado River cutthroat trout (Salmo clarki

pleuriticus), rather than a hybrid variety as was thought earlier. The
Colorado cutthroat is considered a threatened species under Colorado
legislation, although it is not federally listed. The East Fork of
Parachute Creek and First Anvil Creek support dense populations of brook
trout (Salvelinus fortinalis) and native Colorado cutthroat trout.

No endangered animal species were identified on NOSR. Two federally
listed bird species, the peregrine falcon and the bald eagle, have been
sighted along the Colorado River to the south of the property. Several
endangered species of fish occur in the Upper Colorado River. These
include the Colorado squawfish and the humpback chub, which are on the
national endangered species list. The humpback sucker and bonytail chub,
also found in the Colorado, are on the Colorado list compiled by the
American Fisheries Society. While not found on NOSR, populations could be
affected by water dopletions or pollutants entering the river.

The endangered plant species survey showed the presence of one species
on the federal 1ist. It is a grass, Festuca dasyclada, which occurs on

exposed ridges and scree slopes where the substrate is a coarse shale
rubble. Three other plants on the property are found on proposed endan-

gered lists. They are Astragalus lutosus, Aquilegia barnebyi, and




Sullivantia purpusii. Sullivantia has recently been dropped from

consideration as an endangered species. All four of these plant species
occur in limited microhabitats on the NOSR 1 property.

The Colony 0il shale project is adjacent to the NOSR tract on the
western side. Additional information on the area may be found in Final
EIS: Proposed Developments of 0il Shale Resources by the Colony Develop-
ment Operation in Colorado, BLM, 1977. The Colony information is generally
applicable to the NOSR tract due to the close proximity of the projects.
Union 0i1 has a tract contiguous to NOSR 1 and immediately south of Colony.
Mobil is adjacent to Union and is located southwest of NOSR 1. Neither
Mobil nor Union has information available.

4.2 CONSERVATION: AFFECTED ENVIRONMENT

Conservation of fuels used for transportation would have a general
positive effect on national air quality. The discussion below gives a
brief summary of the nation's air quality based on attainment/non-
attainment of the National Ambient Air Quality Standards (NAAQS). It is
followed by a description of the Denver, Colorado area, which is used as a
reference case for assessing impacts of the conservation alternative.

National Air Quality

The Clean Air Act Amendments (1977) required states to report to the
EPA which areas had achieved the NAAQS and which were in violation. The
results indicate that photochemical oxidant standards are the most widely
violated of the NAAQS. They are formed when hydrocarbons combine with
nitrogen oxides in the presence of light. The primary NAAQS for photo-
chemical oxidants are violated in most of the northeast, in California, in
metropolitan areas, and in some rural areas throughout the country.
Stationary sources of hydrocarbons and automobiles are major contributors
to the problem. Carbon monoxide, emitted primarily from automobiles, is
concentrated in urban areas. Non-attainment areas occur in scattered
pockets throughout the United States. Nitrogen oxides are chiefly emitted
by fossil fuel-fired plants and automobiles. The only large areas in
violation of NOx standards are in southern California, though urban areas
tend to violate standards on a local level. Violations of standards for
total suspended particulates are scattered throughout the urban-industrial
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centers of the East, and over larger areas in the drier western states.
Natural sources are major contributors in the West, while fossil fuel
combustion is a chief source in the East. Sulfur dioxide is a major
emission of coal burning operations. Violations of standards occur in
scattered locations throughout the coal-burning areas of the East and in
certain western states (e.g., Arizona, Nevada, Utah, and California).

Ambient air quality is determined by a number of factors, including
natural and man-made emission sources, and by meteorology and topography.
General descriptions of the national air quality must be understood to have
numerous exceptions on the local Tevel. With this understanding, it can be
said that air quality tends to be worse in the more industrialized East,
particularly for pollutants which are chiefly produced in the urban com-
munity. However, most metropolitan areas in all parts of the United States
are in violation of carbon monoxide and photochemical oxidant standards.

Denver

Denver, Colorado is a consolidated city-county covering a 95.2-square
mile area. It sits at the eastern edge of the southern Rocky Mountains at
an elevation of approximately 5,000 feet. Denver is a major metropolitan
area with a population density of 5,090 persons/square mile and a civilian
labor force of 222,827.11

The topography of Colorado is characterized by dramatic relief, rang-
ing from 3,350 to 14,433 feet above sea level. Denver lies in an irreqular
plain which suddenly rises to a complex mountain system west of the city.

Winds generally are out of the south or southwest averaging 9.1 mph.
Moisture-laden air moving from the west loses most of the moisture before
reaching the eastern slopes of the Rockies, leaving Denver with an annual ,
average precipitation of only 13 inches. Snowmelt provides the chief
source of surface water in the state. Mean monthly temperatures range from
33% in January to 74%F in July, with extremes ranging from -10° to 90°F.

11Demographic statistics from County and City Data Book 1977, Bureau of the

Census, U.S. Dept. of Commerce.
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The metropolitan nature of the Denver area has combined with
topographic and meteorological characteristics to produce an area of rela-
tively poor air quality. Denver violates the primary NAAQS for CO, TSP,
and photochemical oxidants. Part of the county violates NOx primary

standards. Transportation is the largest source of these em1'ss1'ons.12

Several national forests encompass large portions of Colorado's
mountainous areas. Since they are located west of Denver, prevailing winds
generally would carry pollutants generated in Denver away from the pro-
tected forests. However, there are several mandatory Class I areas
(pristine) in northern Colorado.

4.3 COLONY OIL SHALE PROJECT: AFFECTED ENVIRONMENT13

The site of the proposed Colony 0il shale project is at the southern
edge of the Piceance Basin in Garfield County, Colorado. It lies
immediately west of the NOSR 1 tract. The project is located in the upper
canyon of Parachute Creek, a tributary of the Colorado River. (Several
tributaries of Parachute Creek drain the NOSR 1 tract.)

The Piceance Basin is a large depression or downwarp which trends
northwest, having a relief of 4,000 feet. Steep valleys and cliffs
characterize the region. (Also, see discussion of geology presented under
NOSR alternative in Section 4.1). The area has a relatively low seismic
potential, with only minor damage anticipated from distant earthquakes.
0i1 shale is found in the Parachute Creek member of the Green River

Formation.

The site is located at the eastern perimeter of an area subject to air
stagnation episodes. Grand Junction, 40 miles to the southwest of the
project, experiences one of the highest frequencies of inversion in the
United States. Garfield County, where the site is located, is an
attainment area for all NAAQS pollutants.

12Source: 1976 National Emissions Report, National Emissions Data System

of the Aerometric and Emissions Reporting System, EPA, August 1979.

13Infonmation source: Final EIS: Proposed Development of 0il Shale

Resources by the Colony Development Operation in Colorado, BLM.
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Surface water is subject to high salinity problems. Groundwater tends
to be high in dissolved solids. Big game hunted in Garfield County include
deer, elk, and black bear. Several species of fish are harvested from
Parachute Creek and its tributaries. Endangered/threatened species are
known to occur in the general area, including the black-footed ferret and
the peregrine falcon. Four fish species in the Colorado River are on fed-
eral or state endangered species lists. Archeological studies have shown
no evidence of prehistoric use at the project site, although areas
surrounding the site have yielded prehistoric finds.

A more detailed description of the environment affected by the
proposed Colony project may be found in the "Final EIS: Proposed
Development of 0i1 Shale Resources by Colony Development Operation in
Colorado", BLM.

4.4 ENHANCED OIL RECOVERY IN KERN COUNTY, CALIFORNIA: AFFECTED

ENVIRONMENT

Kern County in southern California contains a variety of physiographic
types. Moving from east to west, it contains the western portion of the
Mojave desert, followed by the Sierra Nevada mountains, the southern end of
the San Joaquin Valley, and the slopes of the coastal ranges on the western
side of the county. O0il production is largely confined to the western half
of the county.

The area is dry, receiving an average of 7.3 inches of rain annually.

Most streams and lakes are intermittent. The increased use of groundwater
and water from other counties has made Kern one of the leading agricultural
counties in California. Major crops include alfalfa hay, potatoes, grapes,
and cotton. Cattle grazing is a major land use in the county. Surface and
groundwater in Kern are generally of poor quality due to high concentra-
tions of dissolved solids. The solids are largely deposited due to natural
causes.

Parts of Kern County are designated non-attainment areas for carbon
monoxide, photochemical oxidants, sulfur dioxide, and particulates. The
poor air quality is the result of emissions from oil field operations and
urban-industrial sources combined with frequent inversion episodes. Kern
County as a whole is not heavily populated, having an average population
density of 43 persons per square mile. Bakersfield, the largest city in
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the county, has a population of 77,000. Vegetation in western Kern County
consists mostly of grasses and low scrubs, capable of surviving the dry
climate. Several endangered species occur in Kern County. The California
Condor may be found in the western part of the county, but does not nest
there. The San Joaquin kit fox and the blunt-nosed leopard lizard live in
the San Joaquin valley. Increased agricultural land use has been the
primary threat to the habitats of these two species. Non-endangered fauna
in the area include the coyote, éottontai] rabbit, and the kangaroo rat.

Further information on Kern County can be found in the Final EIS for
Petroleum Production at Maximum Efficient Rate: Naval Petroleum Reserve
No. 1, DOE, August 1979; and the Final EIS for the E1k Hi11s/SOHIO Pipeline
Connection Conveyance System, Department of the Navy, September 1977.

4.5 O0CS OIL PRODUCTION IN THE GULF OF MEXICO: AFFECTED ENVIRONMENT

The Gulf of Mexico is subject to tropical storms from late summer to
early fall, and the probability of damaging cyclones is fairly high each
year. The predominant current is the Yucatan, which enters the Yucatan
Strait, flowing clockwise through the central and eastern gulf, and exiting
through the Florida Strait. Surface currents change with the season.
Unstable bottoms and shallow gas deposits may represent geologic hazards to
0il well development.

While commercial and recreational fishing are important, shrimp, crab,
and oyster are the most valuable fishing industries. Pollution is a prob-
lem at the mouth of the Mississippi and near major ports. Coastal estu-
aries, deltas, swamps, and marshes are extremely productive biologically,
and several endangered species occupy the marine and coastal environments.
Approximately 2,000 shipwrecks are believed to lie in the Gulf, two of
which have been designated as national historical sites.

4.6 SRC II IN MORGANTOWN, WEST VIRGINIA: AFFECTED ENVIRONMENT

Morgantown, West Virginia is located in northern part of the state in
the Appalachian plateau. It is situated on the Monongahela River, which is

in the Ohio River Basin. Topography of the surrounding area consists of
steep wooded hills and narrow valleys.




Morgantown has a population of approximately 30,000 people. The wofk
force numbers 10,177, of which 48% are government workers. The outlying
population is sparsely distributed, largely located in the stream valleys.
Resources in the area include coal, timber, gas, and oil. Primary land
uses include small farms and woodland.

The climate is humid, with 44 inches of precipitation annually. Winds
generally are from the south or southwest. Thunderstorms occur 40 to 50
days in the year and frequently cause local flooding. (Up to six inches of
rain in a 24-hour period have been recorded throughout the northern part of

the state.)

Vegetation consists of grass pastureland and shrubs in the valleys,
and hardwood and coniferous trees on the hills. Small game and deer
inhabit the less populated areas. Although area surface water is abundant,
industrial and municipal pollution, as well as acid mine drainage, have
seriously damaged water quality. The air quality in Monongalia County,
where Morgantown is located, does not violate the primary NAAQS. However,
parts of Marion County, adjacent to Monongalia, do not meet the primary
standards for particulates. Two Pennsylvania counties, Green and Fayette,
are directly to the north of Monongalia. Green County violates the primary
standard for photochemical oxidants, while Fayette County violates the
primary standards for photochemical oxidants, 502, and particulates.

Geologically, Morgantown is located in the Appalachian geosyncline.
The geology consists generally of a thick sequence of sedimentary rocks
resting on a layer of igneous or metamorphic rocks. The gross stratigraphy
of the area is made up of the Dunkard Group of the Pennsylvanian-Permian
Age, beneath which 1ies the Monongahela Group of the Pennsylvanian Age.
The three main producing coal seams are the Pittsburg, the Sewickley, and
the Waynesburg, which 1ie in the Monongahela group. The coal is high
volatile bituminous (fixed carbon less than 69%), and is relatively high in
sulfur (1.5 to 4%). Ash content is also high, 8 to 12%.

Additional information on this area and surrounding region can be
found in the Draft Environmental Impact Statement, Solvent Refined Coal-II
Demonstration Project, Fort Martin, West Virginia, DOE, May 19, 1980, the
Final EIS: Alternative Fuels Demonstration Program, ERDA, 1977; or the
Regional Environment-Energy Data Book: Southern Region, NOE, 1978.
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4.7 BIOMASS/ALCOHOL IN CENTRAL ILLINOIS: AFFECTED ENVIRONMENT

Like much of the mid-continental region, central I11linois is
characterized by expanses of flat, highly agriculturalized land. It exper-
iences cold winters and warm summers. Frequent transitory changes in tem-
perature and humidity occur as winds carry in the climatic characteristics
of surrounding regions, unrestrained by the flat topography.

Agricul ture uses approximately 90% of the available land in most
counties. Chief crops in I11inois, in order of importance, are corn, soy-
beans, wheat, hay, and oats. Among the states, it is the leading producer
of soybeans, and in some years the leading producer of corn. The fertile,
deep soils produce 83 bushels of corn per acre. Livestock products include
hogs, beef cattle, and milk.

The socioeconomic characteristics of central Ii1inois may make the
area better able to absorb the impact of 1imited energy development as
compared to Colorado. Central I11inois has a larger potential supply of
workers and greater availability of support services than does the Piceance
Basin.

Central I11inois receives approximately 38 inches of rain annually.
Artificial drainage of croplands is commonly practiced. Major surface
waters include the I11inois and Sangamon Rivers. Non-point sources of
pollution, such as agricultural runoff and mining drainage, have resulted
in damaged water quality in many parts of the state. Groundwater sources
are limited, and many areas in central I11inois depend on artificial
reservoirs for industrial and municipal water.

Several counties in central I11inois do not meet the primary NAAQS
particulates and photochemical oxidants. Standards for sul fur dioxide
and/or carbon monoxide are violated in certain populous areas, such as
Peoria.

Coal-bearing sequences of rocks from the Pennsylvanian System underlie
36,806 square miles of I11inois. Large mines have operated in central
I11inois for many years, producing chiefly from the I11inois No. 6 seams.

The coal is primarily high volatile C bituminous.




Further information on central I11inois may be obtained from the
Regional Enviromment-Energy Data Book: Midwest Region, DOE, 1978. 1In
addition several Final EISs which pertain to the area have been prepared by
DOT. They include:

EIS: I-72 and F.A. 412;
EIS: Route 142, Menard and Sangamon Counties; and

EIS: Highway F-408, I1linois.
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5. ENVIRONMENTAL IMPACTS

This section discusses the environmental impacts of reference cases
for alternative means of producing liquid fuels. The alternatives dis-
cussed include: o0il shale development on NOSR 1; increased conservation;
0i1 shale development on lands other than NOSR 1; enhanced oi]lrecovery;
Outer Continental Shelf o0il production; tar sands development; coal lique-
faction; biomass/alcohol; and no action to develop NOSR 1. In order to
place alternatives on a comparative basis and to enable discussion of
specific environmental consequences, reference cases were chosen for each
téchno]ogy alternative. Descriptions of the reference cases are presented
in Section 3 and Appendix B, along with the rationales for individual
reference case selections.

Specific reference cases were chosen to permit quantitative com-
parisons to be made among the range of technology alternatives considered.
Environmental factors estimated quantitatively include air pollution
emissions, water requirements and solid waste. Factors such as health and
safety risks, which are less readily quantified, are qualitatively
described. For the purpose of this analysis, impacts are assumed to be
proportional to production levels (e.g., impacts of a 200,000 BPD facility
will be four times greater than 50,000 BPD).

As was discussed in Section 2, the fundamental "generator" of impacts
is the basic programmatic decision to develop NOSR 1. In accordance with
the CEQ regulations for implementing the National Environmental Policy Act
(NEPA) only major, significant environmental effects are considered in this
analysis. This level of detail is commensurate with the broad policy
decisions to which this Environmental Impact Statement is addressed.
Similarly, cumulative environmental effects of regional energy development
are identified and discussed but are not analyzed in detail.

Once the decision to develop is made, the specific sites on NOSR 1
selected for mines, retorts, spent shale disposal, etc., and the specific
engineering technologies and financial mechanisms selected to accomb]ish
the development are not expected to significantly alter the types and
levels of impacts discussed in this EIS. Certain refinements and new
details to the analyses may be expected, however. To ensure that adequate

5-1




information exists to support these site- and technology-specific
determinations, a continuing environmental baseline monitoring program has
been initiated for the Naval 0i1 Shale Reserves (NOSR 1) to develop long-
term, site-specific environmental background information. This information
will be used to perform more refined analyses of the environmental impacts
of 0il1 shale development on NOSR 1. This analysis will be incorporated
into a site- and process-specific Environmental Impact Statement which will
be prepared should it be decided to develop NOSR 1.

An analysis of the environmental consequences of alternatives,
including development of NOSR 1, follows in Section 5.1. A comparative
socioeconomic analysis is presented in Section 5.2. Unavoidable adverse
environmental effects are discussed in Section 5.3; the relationship
between short-term uses of the environment and the maintenance and enhance-
ment of long-term productivity is discussed in Section 5.4; irreversible
and irretrievable commitments of resources are identified in Section 5.5;
and coordination with federal, regional, state, and local land use plans,
policies, and controls is discussed in Section 5.6. Section 5.7 discusses
other factors such as energy requirements and conservation potentials,
historic and cultural resources, urban quality, and the design of the built
environment.

5.1 ENVIRONMENTAL CONSEQUENCES

5.1.1 NOSR 0i1 Shale Development

The following sections discuss the impacts of oil shale development on
the Naval 0il Shale Reserves I in Garfield County, Colorado. The reference
case will use room-and-pillar mining and three surface retorting methods:
vertical direct and indirect retorting for feedstock of 1/2 inch to 3
inches and a solid heat exchange method for fines retorting. The produc-
tion levels being considered are 50,250 BPD and 201,000 BPD of shale oil,
requiring a feed of 72,500 TPD and 290,000 TPD respectively of raw shale
(31 gal/ton grade). Byproducts include low and high Btu gas, sulfur, and
ammonia. The environmental impacts discussed would not vary significantly
for the various NOSR development options (lease, quasi-utility, joint
venture or GOCO) because the production facility is postulated to be the

same for all development options.




Air Quality Impacts

Air quality impacts will result from mining and blasting, retorting,
solids handling and disposal, and possibly 1iquid storage, and transpor-
tation. Mining and blasting will generate 502, co, NOX hydrocarbons and
particulates. The retorting processes will generate the pollutants men-
tioned above as well as ammonia, hydrogen sulfide and polycyclic organic
material (POM). POM includes polycyclic aromatic hydrocarbons, their
sulfur and nitrogen analogues and oxidized derivatives. A number of trace
metals and other elements occur in 0il shale but for the most part they are
not volatilized and remain in the spent shale. Mercury and arsenic are
more volatile and are potentially significant non-criteria poHutants.1
Arsenic is volatilized and must be removed from the shale oil or it will be
released to the atmosphere when combusted.2 Various known control
technologies will be employed to control criteria and other pollutants.

Mining, blasting and primary crushing (performed in the mine) would
produce approximately 9% of the particulates generated by the overall
plant, while transportation, secondary crushing, and storage piles would
contribute approximately 57%. The retort operations would contribute
approximately 34% of the particulates generated. Mining and blasting
(including diesel equipment) also will contribute approximately 44% of the
502, 39% of the NOX, 58% of the CO, and close3to 100% of the total
hydrocarbons emitted by oil shale operations.

Table 5-1 shows the total estimated controlled emissions of criteria

pollutants for all the operations of a facility. These emission figures
include emissions from mining, blasting, raw shale storage, transportation
and preparation, and retorting.

Table 5-1.
Summary of Air Emissions for Mining and Retorting

Emissions4 (TPD)

Production Level: 802 NOX THC Part. Co
Shale 0i1 (BPD)
50,250 1.1 11.1 0.8 2.9 2.0

201,000 4.4 44.4 3.2 11.6 8.0




These emissions may degrade the better-than-standard air quality over
the NOSR 1 tract and could contribute to short term violations of federal
air quality standards for particulates and hydrocarbons in the surrounding
region. The impact of emissions from a 200,000 BPD facility may be more
than four times as great as from a 50,000 BPD plant, depending upon the
ability of the site to accomodate emissions, but this will not be known
until site-specific modeling can be performed. NOSR 1 emissions could
potentially affect visibility in the Flat Tops Wilderness Area to the
northeast. The seriousness of this impact cannot be predicted at this
point in the analysis. The cumulative effects of regional energy
development could have a significant impact on air quality in the region.
Areas in Mesa County to the south of Garfield County violate standards for
particulates and are subject to inversions.

Wind erosion of spent shale piles will contribute particulate
emissions to the ambient air. These are of concern because they may
contain polycyclic organic material, a potential health hazard. The hazard
potential of o0il shale process chemicals is discussed under Health and
Safety Impacts.

Water Resources Impacts

Demand

The production of 50,250 BPD of shale o0il, using the reference
technology, will require an input of 5.425 million GPD (5,461 AF/Y) of raw
water for retorting facilities and spent shale disposal. A 201,000 BPD
production level, using the same technology, will require 21,844 million
GPD of raw water.

Indirect water requirements would result from increased human con-
sumption due to population increases. The projected population growth for
a 50,250 BPD NOSR project is estimated to be 7,500 (maximum) people. The
7,500 increase would be reached at the end of the sixth year after the
project starts. For a 201,000 BPD operation, the total population increase
would be 12,000 and would be reached at the end of the tenth year after the
project started (assuming construction of the four 50,250 BPD plants would

not start simultaneously).




Using 200 GPD per person domestic water consumption, the projected
increase of domestic water demand is estimated to be 1.5 million GPD and
2.4 million GPD for the 50,250 BPD and 201,000 BPD operations, respec-
tively. Total water consumption, including both process and domestic water
requirements, would be 5.9 million GPD (5,964 AF/Y) and 24.1 million GPD
(24,259 AF/Y) for the two respective cases, using the reference technology.

Water is relatively scarce in the Piceance Basin and largely allocated
by water rights agreements. Diverting water to o0il shale development
should have a small effect on farming in comparison to other diversions,
such as purchase of farm land for municipal growth. Nevertheless, farm
production in Colorado could be reduced if rights to irrigation water were
sold to oil shale developers. Such sales are not currently considered
attractive to developers since only the actual seasonal water usage of any
purchased rights can be utilized by the developer, regardless of the
original water rights allocation. Even so, the purchase by industry of
agriculture water rights is possible in the future when and if water
shortages occur.

The reference case technology used in this discussion is not as water-
intensive as some alternative technologies. If the most water-intensive
technology being considered for NOSR 1 were chosen, the plant and domestic
water requirements could be as high as 12,090 acre-feet/year for 50,000 BPD
production and 48,350 acre-feet/year for 200,000 BPD production. It is not
anticipated that NOSR 1 development will tax available water supplies in
the area based on Colorado Department of Natural Resources estimates of
water available for 1.3 million BPD of 0il shale production. However, the
impact of regional energy development on water supplies should be con-
sidered. Significant increases in water use can affect vegetative growth,
aquatic and terrestrial animal populations, and could increase downstream
salinity. High salinity is also a problem in the Colorado River Basin.

Availability

Projett water requirements will probably be met by pumping water from
the Colorado River, augmented by minor amounts of mine water. Groundwater
is in short supply and is not considered a practical source.
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The availability of water from the Colorado River for this project is
dependent on water flow in the Colorado and the seniority of the project
water rights. If a case of junior water rights dated 1980 is postulated,
then there would be numerous occasions where water outages will occur.
These outages, due to the inability to draw water from the Colorado without
interfering with withdrawls by senior water rights owners, will occur every
other year, on the average, and will be up to four months in duration. A
four month outage is 7,281 AF of water for the 201,000 BPD production case.
The estimates of water availability are based on historical data from Water
Years 1954 through 1977.

There are two alternatives to solving the water outages for the proj-
ect. The first involves the construction of a reservoir in the cinicity of
the project site and filling it from the Colorado River during periods of
high flow. The second is the purchase of water rights from an existing
reservoir.

The construction of a reservoir to serve this project involves the
construction of a dam to contain the water in one of the valleys on NOSR 1,
NOSR 3 or on an adjacent property. This requires the movement of over
eleven million cubic yards of material for an earth dam. The source of
this material and its transportation to the site ;re problems of substan-
tial magnitude. Solution of these problems will result in a reservoir of
considerable expense. The water required to fill the reservoirs is
available and could be pumped from the Colorado during high flow periods
even for junior water rights.

The second alternative involves purchasing the water from an existing
reservoir on the Colorado River system upstream from the project site.
Then, when a water outage occurred the water could be released from that
reservoir and flow down the Colorado. An amount equal to that released
(but adjusted for losses) would then be pumped to the project site from the
same diversion point on the Colorado as is normally used.

Two federal reservoirs exist with sufficient capacity to supply the
emergency needs of the project, the Ruedi and Green Mountain Reservoirs.
They are administered by Water and Power Resources Service of the Depart-
ment of Interior. The cost from this source appears to be considerably
less than the cost of construction of a reservoir for sole use by the
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project. Furthermore the large federal reservoir is managed by trained
personnel in accordance with applicable environmental and other regula-
tions. An emergency water supply option has not been determined but the

federal reservoir would be the option of choice.6

Water Quality

0i1 shale production will produce waste waters from retorting and
upgrading operatiohs, air and water cleanup units, cooling units and boiler
blowdown, and sanitary waste waters. The reference case is assumed to have
a zero discharge design in which waste waters are treated and either
recycled or used for wetting of retorted shale so that it may be compacted.
Therefore, there should be no discharge of waste waters. However, surface
or groundwater contamination could occur as the result of leaching from
spent shale disposal piles, unintentional releases from impoundments,
spills from process equipment or storage tanks, and in transportation.

Process waters may contain a number of hazardous materials which could
damage aquatic and land species if accidentally released. These include
ammonia, organic acids, suspended organic compounds (phenolics, amines,
hydrocarbons, mercaptans), and smaller gquantities of trace e]ements.3 The
impact of a release of these substances on the surrounding environment
would depend on the size of the release and the specific source of the
waste waters.

A significant potential source of water contamination is the leachate
from spent shale piles. Spent shale will be disposed of in canyons or
natural depressions of the landscape and measures taken to impound leached
waters and revegetate the spent shale surface. The failure of dams and
impoundments to contain leachates could result in their release to surface
or ground waters. Analyses of leachates from spent shale indicate the
presence of phenols, trace elements (e.g., arsenic, boron, lead), and high
concentrations of dissolved soh‘ds.'7

Construction and transportation will increase the sediment load to
nearby surface waters. Methods are available to mitigate, but not com-

pletely prevent, sedimentation.




Solid Waste Impacts

The 50,250 BPD production level is expected to generate 58,875 tons of
spent shale and 1,733 tons of other solid wastes per day. At 200,000 BPD
production rate, solid waste generated will be four times as much. The
solid wastes other than retorted shale include water treatment sludges,
spent catalysts and shale o0il coke. Disposal of a total of 60,608 TPD of
solid waste will require large areas of NOSR 1 land, primarily in valleys
or canyons. Spent shale disposal sites will need to be designed to provide
stability, leachate control, and revegetation potential. Standard mine
engineering parameters will be used to determine the design and slope
necessary to assure the stability of the pile. These parameters must be
determined on a process-specific level, and include such things as the
sheer strength of the spent shale, water content, and degree of compaction.
Leachate control is needed to prevent the contamination of surface and
groundwater with trace elements and organic materials. Potentially
leachable trace elements include C1, F, K, Ca, Si, Na. Organics present
may include phenolic compounds and organic nitrogen compounds. Revegeta-
tion will require site preparation (preleaching and perhaps soil
replacement), seeding, fertilization, and irrigation.

Land Use

Underground mining creates the possibility of surface disturbance due
to subsidence. However, the room-and-pillar method of mining is designed
to prevent this occurrence. Over the life of the project, retorting
facilities and raw shale storage will require the use of 300 acres of land
for the 50,250 BPD production level and 1,200 acres for the production of
201,000 BPD. A reserve water supply will be stored in a reservoir con-
structed onsite, precluding mining beneath the storage area. The affected
area will be small, however. The major land use will be for the disposal
of spent shale. The 50,250 BPD production level will generate approximate-
1y 20 million tons of solid wastes annually. A 1,070-acre disposal site at
the headwaters of Trappers Creek is under consideration. This site would
be filled to an average depth of 185 feet. The affected land would undergo
significant changes in contour and drainage, as well as vegetation. Stream
diversion may be necessary to mitigate the effects of leachates coming from
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the spent shale pile. The overburden of the shale resource is sufficiently
thick to allow mining of the raw shale beneath the disposal area.

Land use also will be affected by the pipeline used to transport the
product oil. The pipeline route has not been determined for NOSR 1. Under
consideration is a route which would take the product north to Casper,
Wyoming. The corridor for this route would be 275 miles long and 50 feet
wide. Existing pipeline corridors would be used to the extent possible.
Utility corridors for power lines, water pipes, and so forth, will be
consolidated to the extent possible. Along with product pipeline corridors
and site access routes they represent a significant offsite land use
impact.

Health and Safety Impacts

A number of potentially hazardous materials are produced in the solid,
liquid and gas streams of shale oil processes. Workers may be exposed to
these substances by contact with the process steams or with fugitive
emissions. These substances also could be released into the ambient air
through fugitive emissions and control off-gases. This would create a
potential for public health effects through low-level, long-term exposure.
Polycyclic organic material residing on spent shale particles could result
in exposure by inhalation of respirable particulates. The presence of
suspected carcinogens in shale o0il is the chief health concern. Benzo(a)
Pyrene, which is frequently used as a gross indicator of carcinogenicity,
is present in raw shale at a concentration of 30,000 to 40,000 ppb, and in
crude (upgraded) shale oil at 3,130 ppb. By comparison, the concentration
of BaP in other petrochemical substances ranges from 1,320 ppb in Libyan
crude oil to 10,000-100,000 ppb in aspha]t.2 However, some controversy
exists over the use of BaP as an indicator of carcinogenicity. The effects
of other constituents of shale 0il and associated products, as well as the
synergistic effects of various snale o0il constituents, are not certain.

Other occupational hazards present in shale oil production include the
potential for accidents associated with underground and heavy equipment
uses, eqUipment failure, high temperature operations, and fire and explo-
sion hazards associated with hydrocarbon industries. The hazards generally
associated with coal mining (such as cave-ins and dust inhalation) are less
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1ikely to occur in o0il shale mining due to the stronger mechanical proper-
ties of the shale. Data to quantify the frequency and severity of accident
occurrences are not yet available for oil shale mining or processing.

Ecosystem

Noise and surface disturbance would displace most terrestrial species
in the immediate area of development. Plant and animal habitats would be
destroyed by onsite development (mine, retort facilities, spent shale
disposal, etc.) and by the clearing of utility and pipeline corridors. In
addition, the presence of the plant and product pipeline will present a
potential for plant and animal impacts due to accidental oil spills.
Proper pipeline design can mitigate impacts on migratory species. Onsite
development should be possible without the destruction of the only federal
endangered species on the NOSR 1, the grass Festuca dasyclada. Should NOSR 1

be developed, a formal consultation with the U.S. Fish and Wildlife Service
will be initiated, as provided by the Endangered Species Act. Development
in those areas which are heavily utilized by summering mule deer and elk
would result in relocation of these species to other summer ranges, both on
and off the tract. At present these ranges are less limited than the
winter ranges of these species, which occur off the NOSR property.

There is a potential that NOSR 1 development will result in the
destruction of a portion of the habitat utilized by the Colorado cutthroat
trout (listed as threatened by the state of Colorado). Possible mitigative
actions include location of facilities upstream from waterfalls which
already prevent the fishes migration; control of leachates, and other types
of water pollution control. This species is not limited to a specific site
on NOSR, but occurs in most of the larger creeks on the west side of the
tract, and in various locations in the upper Colorado River Basin.

The disposal of spent shale will destroy floral and faunal habitats of
the affected area in the short term. Reclamation efforts, if successful,
would establish some plant species over the spent shale disposal area.
However, due to the absence of a mature plant population, the reestablished
community would not achieve the original mix for a long period of time.
Furthermore, recontouring of the topography will tend to level out steep
slopes, altering the exposure to sun, wind, and water. As a result, the

5-10




original plant communities will be replaced by species better adapted to
the altered habitat. Animal populations may be similarly altered.

Removal of large quantities of water, as well as diversion of streams
due to spent shale disposal, may result in decreases in the fish popula-
tion. Air and water pollution also can affect plant and animal
distribution in the affected area.

Major Uncertainties

The effectiveness of measures to control spent shale leachate to
protect surface and underground water over long periods is uncertain.

Similarly, the success of reclamation and revegetation efforts is uncertain
over the long term. Studies have been and are being conducted to develop
successful reclamation procedures over spent shale piles.

The effect of air emissions on regional air quality, and specifically
on the Flat Tops Wilderness Area, is also uncertain due to inadequacies in
dispersion modeling over complex terrain.

Ongoing toxicological studies will help assess the hazard potential of
various chemicals present in o0il shale processes.

Long-Term Impacts

The most obvious long-term impact of shale oil development will be the
permanent changes in topography effected by large spent shale disposal
areas. The air quality impacts may affect animal and plant populations in
the Tong term. In particular, long-term exposure to potential carcinogenic
substances could impact the health of human and animal populations in the
region.

Removal of large quantities of water from surface streams could have
long-term impacts on water table depth and aquifer recharge. The surface
disposal of spent shale and its compaction to reduce permeability will
remove these areas from the aquifer recharge system. Over the life of the
facilities (either 50,250 or 201,000 BPD), up to four percent of available
surface area will be sealed and removed from aquifer recharge. The trapped
water would directly aid the revegetation of the spent shale area and would
be returned to the atmosphere by evaporation.




Cumulative Environmental Impacts

The potential exists for cumulative environmental impacts from the
development on NOSR due to the planned development on other o0il shale
tracts in the region as well as those adjacent to the NOSR. The latter
includes the Colony, Union, and Mobil projects. The first two are under
construction while Mobil is conducting environmental studies for permit
applications. Cumulative environmental impacts which could occur include
air and water quality degradation, changes in vegetation patterns, and
changes in wildlife habitat and migratory patterns. The air quality issue
has received much attention due to several reasons: air quality levels in
the 0il shale region are good to excellent in comparison with EPA air
quality standards; the existence of Flat Tops, a Federal Class I wilderness
area, northeast of the Piceance Basin; and the difficulty in air pollutant
dispersion modeling due to the complex terrain features characteristic of
northwestern Colorado.

Cumulative air quality impacts have been addressed in recent studies,
but the development scenarios used have changed since the studies were
completed 36’37. They do, however, provide an insight into potential
impacts as well as the problems in assessing the impacts. In the first
study, two phases were analyzed. The first phase addressed the impacts of
0il shale development up to 880,000 bbls/day by 1995 for sulfur dioxide,
suspended particulates, nitrogen dioxide and ozone. Visibility effects on
Class I areas were also examined. In the second phase, a study was made of
the generation of ozone at a level of development up to 8 million bbls/day
by 2010. The phase I analysis indicated that levels of suspended particu-
lates and sulfur dioxide were within the PSD Class II limits at all
distances beyond local impacts, and are within Class I T1imits at Flat Tops
Wilderness and Dinosaur National Monument. At short range, the TSP and SO2
Class II 1imits could be exceeded near an oil shale plant. The phase II
study indicated that strong visibility impacts could occur.

In the second study, an air quality impact analysis was conducted for
energy development in the Four Corners region. Three scenarios of energy
development for several synfuel technologies were used, including 13 oil
shale projects in Colorado. Air Quality analyses were done for sulfur
dioxide, fine particulates and visibility. Under the high scenario, oil
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shale development exceeded 900,000 bbls/day without any adverse impacts on
PSD increments or visibility.

Cumulative water quality impacts could also occur from NOSR
development, affecting surface water primarily. During construction
operations, access roads to the site will be heavily travelled causing come
soil erosion which may run off into creeks draining into adjacent oil shale
tracts. Mitigating measures include construction of catchment basins near
the boundaries of the NOSR property. Cumulative impacts on groundwater
would be less than for surface waters since the groundwater system under-
lying NOSR 1 and 3 for about the first 2,000 feet is nearly an island unto
itself, having very little interaction with the rest of the Piceance Basin.

There are several reasons why cumulative impacts cannot be accurately
quantified at this time:

1. Development schedules for several projects are not well defined.

2. The retorting methods to be used have not been seleted for all
projects.

3. Methodologies do not exist for accurately quantifying cumulative
impacts.

Recognizing these limitations, the potential for cumulative impacts does
exist since there could be significant development in the oil shale region
by the end of this decade, much of which would be concentrated in the
vicinity of the NOSR and the remainder in the Piceance Basin. At such time
as the decision to develop NOSR 1 is made, cumulative air quality analysis
will be performed, and reflected in appropriate NEPA documentation. A
cumulative socioeconomic impact analysis for a three county region in
Colorado affected by hypothetical oil shale development was performed, and
is discussed in Section 5.2.3.

5.1.2 Increased Conservation

A reference case for energy conservation in the transportation sector
is projected to illustrate the potential reduction in pollutant emissions
which could accompany nationwide reductions in gasoline consumption of
50,000 and 200,000 BPD. The gasoline savings are assumed to result from a

decrease in vehicle weight only.
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Air Quality

Increased conservation in the transportation sector could result in
decreased air pollutant emissions and a resultant improvement in ambient
air quality. Assuming that total passenger car vehicle miles traveled

8 and 12 million

(VMT) in 1990 are 2.7 billion miles per day nationally
miles per day in the Denver metropolitan area8’9 100 million gallons (2.4
million barrels) of gasoline would be consumed in the U.S. and 450,000
gallons (11,000 barrels) would be consumed in the Denver area. Total
exhaust emissions resulting from combustion of this fuel are projected

using EPA emission factors and are presented in Table 5-2.

Table 5-2. Total Daily Exhaust Emissions in 1990

co HC NOx SO2 Particulates
(TPD) (TPD) (TPD) (TPD) (TPD)
u.S. 12,000 1,700 3,500 370 110
Denver Metro-
politan Area 54 7.4 16 1.7 0.50

Conservation of 50,000 or 200,000 BPD of gasoline nationwide would
constitute reductions of 2.1 percent and 8.3 percent respectively. If
emission reductions correlate directly with a decrease in fuel combustion,
then emissions would be reduced by the same percentages. Maximum emission
reductions for these reference cases are presented in Table 5-3.

Such reductions in exhaust emissions will improve air quality in the
Denver metropolitan area. This is significant because the Denver Air
Quality Control Region violates the National Ambient Air Quality Standards
for carbon monoxide (CO), total suspended particulates (TSP), nitrogen
dioxide, and photochemical oxidants.10 Oxidants are produced by the
reaction of atmospheric hydrocarbons with NO, and sunlight and can be
represented by measurements of hydrocarbons. Denver air quality was con-
sidered "unhealthful" an average of 157 days per year in the period from
1975 through 1977, using the Pollutant Standard Index developed by EPA for
public reporting of daily air quality. Of the 157 days, the air quality
was "very unhealthful” an average of 30 days per year. In 1977, high
levels of carbon monoxide (CO) were primarily responsible for the poor air
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Table 5-3.

Exhaust Emissions Reductions From
Conservation Reference Cases

co HC NOx SO2 Particulates
TPD TPD TPD TPD TPD
National Reductions
50,000 BPD case 250 33 73 7.7 2.3
200,000 BPD case 1000 140 290 31 9.3
Denver Reductions
50,000 BPD case 1.1 0.16 0.33 0.037 0.010
200,000 BPD case 4.3 0.63 1.3 0.14 0.040
11

quality 127 days out of a total of 143 days.
chemical oxidants also were responsible for unhealthful conditions. The CO

Particulates and photo-

and photochemical oxidants are generated primarily by mobile sources such
as passenger automobiles. In 1976, 1ight-duty, gasoline-powered vehicles
were {esponsib1e for 55 percent of carbon monoxide emissons in the Denver

area."2 If CO emissions were reduced by 2.5 percent in the 200,000 BPD
case and passenger vehicles accounted for 55 percent of carbon monoxide

emissions, these overall CO emissions could be reduced by 1.4 percent.
This reduction would help to alleviate Denver air pollution problems since
CO is the most important factor in Denver air quality violations.

The values for the emission reductions should be considered as maximum
values because emission standards are written in grams per mile and fuel
efficiency standards are written in miles per gallon. A manufacturer can
be expected to optimize vehicle design to meet both standards. There is no
incentive to use costly emissions control equipment if emission standards
can be met by distributing the emissions from a gallon of fuel over a
greater number of miles by increasing fuel efficiency. Many small cars do
not burn fuel cleanly and yet meet emission standards because of their high
fuel efficiency. For this reason actual reductions in emissions would
probably not correlate directly with an increase in fuel efficiency and

would be less than the values presented above.




Emissions were projected from emission factors developed by EPA.
These factors incorporate such elements as emission standards, average
driving conditions, altitude, and emission control effectiveness over time.
Emission factors for the 1990 fleet are projected by model year in Table
5-4. Values for average model year fuel efficiency and fraction of travel
also are presented in the table. The fraction of annual travel is derived
from the average number of miles traveled by cars of a particular age and
the percentage of the fleet constituted by cars of that model year. The
fraction of travel is used to weight the emission factors and total fuel
consumption to estimate the relative emission contribution and total fuel
consumption of cars from a given model year. Total fuel consumption is
calculated from total vehicle miles traveled (VMT), average fuel effici-
ency, and the fraction of travel for each model year. The values assumed
for VMT are 2.7 billion miles per day for the U.S. as a whole, and 12
million miles per day for the Denver metropolitan area.

Emissions from sources other than fuel combustion can be expected to
remain basically unchanged by the conservation alternative. These sources
include hydrocarbons from crankcase emissions and particulates released
from tire wear.

Water Resources Impacts

Water quality may improve slightly due to lower levels of particulates
in the atmosphere which ultimately could be transported and depbsited into
bodies of water. The reference case would not generate any negative
effects on water quality and probably would not significantly alter
existing water consumption by the auto industry.

Solid Waste

The reference case would probably not change current production of
solid wastes by the auto industry appreciably or generate negative
environmental impacts.

Land Use

The reference case as defined will probably not generate any
appreciable changes in land use.
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Table 5-4.
co
Model Year g/m
1977 18.
1978 18.
1979 18.
1980 8.
1981 5.
1982 5
1983 4.
1984 4.
1985 4.
1986 3.
1987 3.
1988 3.
1989 3.
1990 2.

4Reference 13 (emission factors are modified to incorporate 1977 CAA amendments)
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Health and Safety

Improvements in air quality which could result from the reference
cases would have a positive health effect. As noted above, Denver air
quality is unhealthful a significant portion of the year. Such poor air
quality can aggravate symptoms of heart and 1ung diseases and can decrease
exercise tolerance. An improvement in air quality will reduce such effects.

Ecosystem Impacts

A reduction in exhaust emissions will reduce the negative effects of
air pollutants on vegetation and may increase productivity. Minor water
quality improvements possibly could increase the productivity of aquatic
communities.

Long-Term/Cumulative Impacts

Increased conservation should result in improved air quality. As less
fuel 1is burned, fewer conventional pollutants should be released into the
atmosphere. The degree to which emissions reductions will be proportional
to reductions in fuel consumption is uncertain because of the way in which
emission and fuel efficiency standards are written.

Reduced fuel combustion will result in a decrease in the release of
carbon dioxide (COZ) into the atmosphere. This may be the most significant
long-term effect of increased conservation. Scientists are concerned that
increased atmospheric CO2 levels may result in significant long-term
climatic changes.15
reference cases would result in a reduction of conventional pollutant

exhaust emissions, a reduction in fuel combustion will result in a corre-

Although there is some question as to whether the

sponding reduction in the amount of CO2 released to the atmosphere, due to
the stoichiometric relationship of fuel carbon content to CO2 produced.

5.1.3 0i1 Shale Development on Other Lands: Impacts

This section discusses the environmental impacts of oil shale
development on lands other than NOSR 1. The reference case selected is
development of the Dow West (Colony) property using the TOSCO II retorting
process. The process utilizes hot ceramic balls to retort preheated oil
shale by direct solid to solid heat exchange.




The main products are hydrotreated oil and LPG. Byproducts include
sul fur, ammonia, coke, and high Btu gas. The reference case production
level is 47,900 BPD (44,400 BPD of shale oil and 3,500 BPD of LPG). This
production level would require an input of crushed shale at the rate of
66,000 TPD.

Air Quality Impacts

Sources of air emissions include mining, blasting, solids handling,
wind erosion, retorting and upgrading units, and liquid storage. Mining
would produce particulates, hydrocarbons, NOx, and CO. Wind erosion of raw
shale storage piles would generate particulate matter but is expected to be
minimized through wetting procedures.16 However, the amount of particu-
lates generated in this way would tend to be greater for this reference
case than for the NOSR 1 alternative due to the smaller sized feedstock
required for the TOSCO II process (half-inch as opposed to 1/2 to 3
inches). Particulates generated from spent shale disposal areas are of
concern because they may contain polycyclic organic material. The hazard
potential of 0il shale process chemicals is discussed under health and
safety impacts.

Retorts will emit the criteria pollutants SOZ’ NOX, CO, hydrocarbons,
and particulate matter. In addition, they may emit quantities of ammonia,
hydrogen sulfide and polycyclic organic material.. Table 5-5 summarizes
maximum plantwide emissions of criteria pollutants for the two reference
case production levels. The data include emissions from the primary
crusher in the mine, the portal transfer, and fine ore storage, but do not
include emissions from the mines vent or spent shale disposal area. An
additional 0.2 TPD of fugitive dust (particulates) may be generated from
the mine vent, unpaved roads, the crusher dump, coarse ore storage, delayed
coker dump and processed shale disposal.

These emissions may degrade the better-than-standard air quality over
the Colony tract and could contribute to short-term violations of federal
air quality standards for particulates and hydrocarbons in the surrounding
region. They could potentially affect visibility in the Flat Tops Wilder-
ness Area to the northeast. Areas in Mesa County to the south of Garfield
County violate standards for particulates and are subject to inversions.
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Table 5-5. Emissions of Criteria Pollutants

Shale 011 Emissions after contro]s17 (TPD)
Production Level (BPD) SO2 NOx HC PM co

47,900 3.8 20.9 3.6 3.1 0.8

200,000 15.2 83.6 14.4 12.4 3.2

Water Resource Impacts

The production of 47,900 BPD of shale oil and LPG using the reference
design would require a raw water input to the plant of 8.08 million GPD
(24.8 acre-feet). Indirect water requirements would result from increased
human consumption due to population growth. The project-induced population
growth for a 47,900 plant is estimated to be 8,000 persons. The impact on
domestic water supplies can be estimated by using 160-200 GPD per person
water consumption. The maximum projected increase in domestic water
demands is approximately 1.6 million GPD (4.9 acre-feet). The aggregate
plant and domestic water requirements would be 9.7 million GPD (29.7).
These raw water requirements are in addition to any process-produced or
mine dewatering sources of usable water.

The withdrawal of large quantities of water from the area affects
surface water flow and the water table. Sufficient water rights have
already been obtained. However, cumulative water use due to regional v
energy development potentially could affect vegetative growth, aquatic and
terrestrial animal populations, and would tend to increase downstream
salinity. High salinity concentrations are a serious problem in the
Colorado River Basin.

Water pollution could occur as the result of waste water release,
leaching from storage/disposal areas, or spills of products and process
chemicals. 0il1 shale production would produce waste waters from retorting
and upgrading operations, air and water cleanup units, cooling units and
boiler blowdown, and salinity waste treatment. Waste water would be pro-
duced at the rate of 594,000 GPD. The waste water would be recycled to
meet some process water requirements and used for moisturizing the spent
shale. However, surface or groundwater contamination could occur as the
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result of leaching from disposal piles, unintentional releases from water
containment areas, and spills from process equipment and storage tanks.

Process waters may contain a number of hazardous materials which could
damage aquatic and land species if accidentally released. These include
ammonia, organic acids, suspended organic compounds (phenolics, amines,
organic acids, hydrocarbons, mercaptans), and smaller quantities of trace
elements. The impact of a release of these substances on the surrounding
environment would depend on the size of the release and the specific source
of the waste waters.

A significant potential source of water contamination is the spent
shale disposal area in Davis Gulch. Davis Gulch drains into Parachute
Creek, a tributary of the Colorado River. A dam at the lower end of the
disposal area would contain runoff water from the disposal area in a lined
holding area until it is reused. This water may contain hazardous sub-
stances such as phenols and arsem’c.13 It would have a total dissolved
solids concentration of approximately 40,000 ppm, 99% of which would be
comprised of inorganic salts. The remaining 1% (estimated) would be made
up of organic material from hydrocarbon residues. Water quality damage
could occur as the result of lining failure, dam failure, or percolation

from the disposal pile.

Solid Waste Impacts

The 47,900 BPD case will generate an average of 55,397 TPD of solid
waste. Spent shale accounts for 53,200 TPD. The remaining 2,197 TPD is
comprised of spent catalysts, shale dust, shale coke, and water treatment
sludges. 872 acres of land will be required for solid waste disposal over
the 20-year 1ife of the o0il shale project. In addition, another 72 acres
will be required for diversion structures to control runnoff from the shale
embankment. Leachates from the disposal area will be collected and reused
so that water resources are not contaminated by substances leached from the
spent shale and other wastes. The area will be graded to resemble existing
topography and will be revegetated.
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Land Use

Development of a 47,900 BPD 0il shale complex on the Dow West property
will require 175 acres for the plant complex and ore storage, 42 acres for
the mine bench and flood control dam, 350 acres for roads and conveyor
routes, and 872 acres for spent shale disposa].16 Additional acreage would
be required for some offsite facilities and pipeline and powerline rights-
of-way. Colony has cancelled plans to construct a 194-mile-long pipeline
to Lisbon Valley, Utah, but has not yet announced an alternate plan.

The topography of the site will be altered to accomodate the plant and
by spent shale disposal. Dams and diversion structures, as well as topo-
graphical changes, will alter drainage patterns. Diversion structures are
necessary to control potential adverse effects on water quality from plant
runoff and leachates from spent shale disposal. Topography also may be
altered by subsidence of the mine. The room-and-pillar method of mining is
designed to prevent this occurrence.

Health and Safety Impacts

A number of potentially hazardous materials are produced in the solid,
1iquid and gas streams of shale oil processes. Workers may be exposed to
these substances by contact with the process streams or with fugitive
emissions. Polycyclic organic material residing on spent shale particles
could result in worker exposure by inhalation of respirable particulates.
If released to the ambient air, these substances could create a potential
for public health effects through low-level chronic exposure. The presence
of suspected carcinogens in shale oil is the chief health concern.
Benzo(a)Pyrene, which is frequently used as a gross indicator of carcino-
genicity, is present in raw shale o0il at a concentration of 30,000 to
40,000 ppb, and in crude (upgraded) shale oil at 3,130 ppb. By comparison,
the concentration of BaP in other petrochemical substances ranges from
1,320 ppb in Libyan crude oil to 10,000-100,000 ppb in aspha]t.2 Some
controversy exists over the use of BaP as an indicator of carcinogenicity,
however, because it has not been shown to produce cancer in humans. In
addition, it does not take into account synergistic effects of multiple
carcinogens, and effects of co-carcinogens which may enhance the effects of
carcinogens. Additional testing of shale oil and refined products is in
progress.
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Other occupational hazards present in shale oil production include the
potential for accidents associated with underground and heavy equipment
uses, equipment failure, high temperature operations, and fire and
explosion hazards associated with hydrocarbon industries.

Ecosystem Impacts

0i1 shale development on the Dow West site would affect both
vegetation and wildlife. Effects on vegetation would result primarily from
clearing. Wildlife would be affected by increased human activity and dis-
turbance, habitat alteration, decreased water availability, and potentially
by degraded water quality.

Vegetation will be removed around the retort/upgrading complex and
along pipeline and powerline corridors. Spills, uncontrolled fires, and
off-road vehicle use could also affect vegetation. Adverse effects from
air pollution are expected to be negligible but could become significant if
additional o0il shale development occurs in the area. Yellow columbine
(endangered) and sullivantia (threatened) may be eliminated from two sites
due to decreased water availability; however, both species also occur in
other areas on the property which should not be affected by development.
Disposal of spent shale will destroy vegetation in the disposal area. The
disposal site will be reclaimed by reintroducing native plant species.

Destruction of habitat and increased human activity may cause mule
deer from the Parachute Creek valley to winter in the Roan Creek area.
This would result in increased competition for food and may reduce the herd
size through increased mortality. Secretive animals such as mountain lions
and black bears will avoid the property. Construction will affect fish
populations in Parachute Creek due to siltation. Proper controls during the
construction period can mitigate this impact. Following construction,
natural stream action will remove excess silt over time. Restocking of the
stream should replenish affected fish populations.

If spills of shale 0il or toxic materials occurred, all aquatic life
in Parachute Creek could be killed, and aquatic communities in the Colorado
River could be adversely affected. Other animals also may be affected by

increased human presence and activities.16
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Major Uncertainties

The success of reclamation and revegetation of spent shale is
uncertain over the long term. Studies have been and are being conducted to
develop successful reclamation procedures. The effectiveness of controls
for spent shale leachates over long periods of time also is uncertain. In
addition, further toxicological testing is needed to assess the hazard
potential of the various chemicals present in 0il shale processes.

Long-Term Impacts

The most obvious long-term impact of shale oil development will be the
permanent changes in contour and topography affected by large spent shale
disposal areas. Chronic health effects such as potential carcinogenicity
are also a significant concern. Wildlife will be affected by the removal
of their habitats and by increased human activity. Mining will affect the
local hydrology of the area, as will increased water use over a long period
of time. Reduced streamflow in the immediate vicinity of the plant due to
increased water usage will affect plant and animal occurrence and distribu-
tion. Water use will also preclude use for other purposes. This effect
would be reversible unless groundwater resources were tapped and were used
more rapidly than they were replenished. Primary water supply will be the
Colorado River. However, use of groundwater resources is planned during
construction and, if found reliable, will be used for plant operation.

5.1.4 Enhanced 0il1 Recovery

Enhanced o0il recovery refers to various methods of producing oil from
reservoirs which no longer respond to conventional recovery methods
(pumping and water flooding). Tertiary recovery methods presently being
studied include chemical flooding (including micellar polymer), CO2 f1ood-
ing, and thermal methods. Thermal methods have been used effectively in
the recovery of heavy, viscous oils, such as those produced in Kern County,
California. Steam flooding, the thermal method selected for the reference
case, utilizes separate injection and production wells. Injecting steam
enhances the recovery of heavy o0ils by expanding the o0il and reducing its
viscosity, by pushing the oil toward the recovery well, and by steam
distillation.




The following section discusses the environmental impacts associated
with the production of 50,000 BPD and 200,000 BPD of crude o0il by steam
flooding in Kern County, California. While the 200,000 BPD case is not
feasible in Kern County alone due to resource limitations and air quality
impacts, it is achievable nationwide, and is included for comparison with
other alternatives. The 50,000 BPD and 200,000 BPD production levels would
require the burning of 20,000 and 80,000 BPD respectively of crude oil to
produce steam for injection.18 (The 50,000 BPD and 200,000 BPD figures are
the net crude o0il produced.) While alternative fuels could be used for
steam generation, they would significantly increase the cost of production.
Production would require an estimated 1,100 production wells and 1,400
injection wells for the 50,000 BPD case. 4,400 production wells and 5,600
injection wells would be required for the 200,000 BPD case.

Air Quality Impacts

Air pollution emissions from oil-fired boilers constitute the most
severe environmental impact of the steam flooding process. The crude oil
produced in Kern County is relatively high in sulfur (approximately 1.5%).
Its combustion would result in the emission of large amounts of 502, as
well as N02, particulates, hydrocarbons, and carbon monoxide. The esti-
mated uncontrolled emissions of these pollutants are shown in Table 5-6 for
the 50,000 BPD and 200,000 BPD reference cases. If controls are assumed
for 502, N02,.and particulates with efficiencies of 95%, 60%, and 95%
respectively, the controlled emissions for the 50,000 and 200,000 BPD cases
would be 5.0 and 19.8 TPD of 502, 10 and 40 TPD of N02, and 0.35 and 1.4
TPD of particulates.

Table 5-6. Uncontrolled Emissions for EOR
Emissionst? (TPD)

Net 0il Production O0il Burned for
Production (BPD) Generation (BPD) S0, NO, Part. HC co

50,000 20,000 99 25 7 1 1
200,000 80,000 396 100 28 4 4
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Parts of Kern County are non-attainment areas for 502, particulates,
carbon monoxide and photochemical oxidants (formed by the reaction of N0x
with hydrocarbons in the presence of 1ight). The emissions from steam
generation would exacerbate the already poor air quality in Kern County.
Pollution control devices such as FGD scrubbers would mitigate the impact,
but may not be able to provide sufficient emission reduction at an
acceptable cost. The air quality impacts of 200,000 BPD production may be
much more severe than for 50,000 BPD and may not be possible in Kern County
due to air quality restrictions, as well as resource limitations.

Other potential emissions from steam flooding include trace elements
in the burned oil, and hydrocarbons from the production wells and storage
facilities. Trace elements commonly found in California crude oil include

18, none of which are currently regu-

manganese, nickel, vanadium and tin
lated as hazardous air pollutants. Hydrocarbon emissions from production
wells and storage tanks can be controlled with vapor recovery systems, and

would be significant only in the event of an o0il spill or other accident.

Water Resource Impacts

Steam flooding is a water-intensive process. The production of 50,000
BPD (net) of o0il would require 18.8 million GPD (18,941 AF/Y) of water for
steam generation. 200,000 BPD production would require 75.3 million GPD
(75,764 AF/Y) of water.20

Approximately one-third more water is produced with the oil than is
injected as steam in the Kern River field. Producers attempt to maintain
the ratio of water injection to water production at 1.0. If this water is
of sufficient quality it can be treated and used for steam generation.

Groundwater is quite variable in Kern County, and generally of poor
quality. A steam injection project at the Kern River field near
Bakersfield reuses produced water for steam generation after extensive
treatment. However, water produced at the Midway-Sunset field is extremely
high in dissolved solids and hardness and cannot be economically treated
for reinjection use as boiler feedstock.20 Brines produced from the
Midway-Sunset field are disposed of in evaporation ponds to avoid contam-
ination of surface and ground water‘s.19 Steamflood operations requiring
water from outside sources could severely tax available water resources in
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the surrounding area. Prior commitments of available water supplies could
impede the development of enhanced recovery projects in parts of Kern
County.

Contamination of groundwater sources through leaks in well casings
generally is a concern in pressurized injection operations and oil produc-
tion in general. However, due to the essential lack of potable groundwater
in Kern County, the potential for water quality damage is greatly reduced.

Spills of o0il or produced brine could occur as the result of accidents
at the wellhead, storage facilities, or along the transportations route.
The contamination of surface waters due to spills is a concern only in
limited sections of the county, due to the scarcity of perennial streams.
In areas where useable water is present, spillage of large volumes of o0il
or brine could have serious impacts on aquatic and terrestrial species,
causing stunted growth or death.

Leachates from scrubber sludge also could contribute to water
pollution. The disturbance of the surface during construction could impact
streams by increasing erosion and siltation. These disturbances would be
of concern only in parts of the county where surface water is present.

Most existing streams are already high in dissolved solids due to natural
sources.

Solid Waste Impacts

The primary solid waste associated with steamflooding is sludge,
produced by pollution control units and onsite processing of produced oil.
Since o0il produced by steam flooding does not require upgrading before
transportation, the most significant source of sludge is the pollution
control equipment. Control of sulfur emissions is of particular

importance. Assuming an average sulfur content of 1.5% in the oil burned
for steam generation and 90% surfur removal efficiency, the 50,000 BPD case
would generate approximately 367 TPD of wet sludge from a typical 1ime-
stone FGD scrubber. The 200,000 BPD case would generate 1,468 TPD from
this source.

Other solid wastes generated by steamflooding operations include
drilling muds and fines, and wastes from site preparation. Drilling muds
and scrubber sludge may contain toxic substances which could potentially
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degrade water quality. However, solid wastes generated by this alternative
are generally less hazardous and of much smaller volume than those produced
by the 0il shale alternative.

Land Use Impacts

The production of 50,000 BPD of crude oil would require approximately
1,100 production wells and 1,400 injection wells. A surface area of
approximately 4,000-5,000 acres would be utilized (16,000-20,000 acres
would be utilized for the production of 200,000 BPD of o0il). Grazing is
the land use most 1ikely to be impacted, although much of the affected area
could be used simultaneously for grazing if hazardous areas (i.e.,
machinery and landfills) were fenced off. Grading and recontouring could
degrade land quality by accelerating erosion and increasing the potential
for mudslides. Reclamation procedures and proper contouring would mitigate
these effects. Subsidence may result from oil and water removal. This is
less likely than in conventional recovery since a large percentage of the
removed fluid volume is replaced. Finally, fluid injection may increase
the risk of seismic events.

Health and Safety Impacts

Workers in steamflooding operations are exposed to the hazards
normally associated with oil recovery, such as heavy equipment accidents,
explosions, blowouts, fire. and contact with the many organic substances
found in heavy crude oil. Additional hazards result from the use of pres-
surized steam, which can result in the release of extremely hot gas in the
event of equipment failure. Data to quantify the frequency and severity of
accident occurrences are not available for steam injection recovery.

Ecosystem Impacts

Ecosystem impacts associated with enhanced oil recovery include the
disturbance of habitats and subsequent changes in population dynamics due
to degradation of air, water, and land. Although similar impacts are asso-
ciated with oil shale development, the impact of enhanced o0il recovery on
the whole is less severe since it generally occurs in areas which have
already been developed for oil recovery. EOR may affect the endangered San
Joaquin kit fox and the blunt-nosed leopard lizard by changes in habitats.
The endangered California condor, whose feeding range extends into the oil
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producing region, would not be significantly affected by steamflooding
operations, since its nesting areas are located outside the region. The
condor is endangered by disturbances of nesting areas rather than
inadequate food supply.

Major Uncertainties

Air quality impacts associated with steam generation may impede the
use of thermal recovery methods in California even at the level of 50,000
BPD increased production. The 200,000 BPD case is unfeasible due to
resource limitations and to air quality, but could be achieved nationwide.
The proposed Underground Injection Control (UIC) Regulations could impact
enhanced recovery operations by increasing the cost of construction and
maintenance as well as increasing the degree of environment protection.

Long-Term/Cumulative Effects

Fluid injection can result in degradation of groundwater quality in
the long term. This would be of greater concern in areas having better
groundwater quality than Kern County. Air quality will undergo cumulative
degradation due to steam generator emissions, especially of SO2 and NOX.

Both o0il shale production and enhanced oil recovery will result in
cumulative air quality impacts, but EOR will not generate the large volumes
of particulate matter associated with oil shale crushing, transportation
and storage. Socioeconomic impacts would be less for EOR due to predevel-
opment. However, the estimated potential o0il reserves recoverable by EOR
(51 billion barre]s)21 are much lower than the estimated, recoverable shale
oil (600 billion barrels total). EOR has the potential to provide an
alternative liquid fuel supply in the near- to mid-term, while 0il shale is
a mid- to long-term alternative.

5.1.5 0CS Production

0i1 is produced from the Gulf of Mexico Outer Continental Shelf from
conventional bottom-fixed steel platforms. The two reference cases, as
discussed in Chapter 3, are based on average industry production figures.
The 50,000 BPD case assumes three platforms and recoverable reserves of 105
million barrels, whereas 11 platforms and 385 million barrels are assumed
for the 200,000 BPD case. Actual development would depend on the specific
site and reserves to exploited.
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Impact of 0i1 Spills in the Marine Environment

Two major sources of pollution from OCS production may cause
environmental degradation: oil spills and chronic emissions from routine
OCS operations. Chronic emissions are more easily quantified than pollu-
tion from o0il spills and are discussed in detail later. O0il spills cannot
be predicted, although spill probability can be estimated.

An analysis of o0il spills of more than 1 barrel from 1971 through 1975
reveals that 97.8% of the spills were of less than 50 barrels of oil. The
remaining 2.2 percent of the spills accounted for 92.2% of the volume of
0il spilled. Out of a total Gulf of Mexico production of 1.811 billion
barrels in this five-year period, 50,143 barrels were spilled. This
amounts to 0.0028% of the oil produced.22 The Department of Interior
projects that for 790 million barrels of 0il which may be produced as a
result of the 1980-1985 Gulf of Mexico lease sales, there probably will be
3.29 spills of at least 10,000 gallons (238 barrels) each during the pro-
duction life of the reserves.23 This estimate is based on the amount of
0i1 to be produced and the mode of transportation (pipelines) to be used.
Extrapolating from this information, it can be projected that 0.437 and
1.60 spills of greater than 238 barrels are likely for the 50,000 and
200,000 BPD cases, respectively.

The environmental impact of o0il spills varies considerably, depending
on the nature of the spill, the transport and behavior of the spilled oil,
and whether the 0il contacts vulnerable resources. If spills result from
blowouts at the surface, large amounts of 0il components will evaporate
into the atmosphere. For example, if oil is spilled beneath the surface
from a ruptured pipeline, much of the o0il would be taken into the water
column. If 0il is spilled at the surface it may form slicks which cover a
considerable surface area. The rate of discharge and duration of the spill
also determine the types of effects the spill will have. Spill transport
depends upon such factors as location, meteorological conditions, currents
and tides. These factors, as well as the location of vulnerable resources,
will determine how much damage is caused by the spill. Weather conditions
and the nature of the spill also will have a significant effect on the
efficiency of spill cleanup. Analysis by the Bureau of Land Management
(BLM) shows that Gulf resources such as birds, endangered species, and fish
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and shellfish are moderately sensitive to oil spills. Non-endangered
marine mammals in the Gulf have a low sensitivity to oil spi]]s.23 The
1ikelihood of 0il spills from the reference case contacting vulnerable
resources cannot be projected at this time. BLM performs oil spill
trajectory analyses for specific sites when they are proposed for leasing.

Air Quality Impacts

Air emissions from OCS operations, disregarding emissions from spills
and well fires, are presented in Table 5-7. These emissions result pri-
marily from fuel combustion for power generation, and oil storage and
processing and are uncontrolled. USGS regulations promulgated on March 7,
1980 (45 FR 15128) established exemption formulae to determine whether a
rig is subject to pollution control requirements, based on estimated emis-
sions and the distance from the rig to the shore. Based on these formulae
and projected emissions, controls would not be required if the platforms
were 13.6 miles or more offshore. It is assumed for this discussion that
reference case production occurs at sufficient distance from the coast to
allow uncontrolled emissions. If operations were near coastal areas with
poor air quality, controls probably would be required. Air emissions also
may result from well fires or oil spills. If a gas blowout were to occur,
methane and other 1ight hydrocarbons would be released as well as potenti-

ally toxic amounts of hydrogen sulfide. Natural gas combustion is essen-
tially complete so that if it burned only CO would be produced. 0il

combustion in an o0il well fire generally is %ncomp]ete and therefore quan-
tities of volatilized petroleum, particulate carbon, carbon monoxide,
nitrous oxide, sulfur monoxide, and other partially oxidized matter would
be released in addition to carbon dioxide, sulfur dioxide, and nitrogen
dioxide.24 Sul fur dioxide emissions would not be very high because Gulf
crudes have a sulfur content which ranges from 0.1 to 0.5%. If spilled oil
were released at or above the water surface, considerable amounts of crude
volatiles would be evaporated. Evaporation of as much as 15% of total oil
spilled has been observed.24
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Table 5-7. Average Daily Air Pollutant Emissions From

0CS Drilling and Production25
Production co HC NO, 50, Particulates
(BPD) (TPD) (TPD) (TPD) (TPD) (TPD)
50,000 0.512 3.72 2.75 0.167 0.0340
200,000 1.88 13.6 10.1 0.608 0.125

Air quality in the Gulf OCS generally is very good and OCS emissions
should not have any serious impact on air quality. Those coastal counties
with major urban centers have air quality problems which emissions from 0CS
operations could aggravate. The most serious air quality impacts would
result from large spills or oil fires.

Existing onshore pruzessing facilities in the Gulf of Mexico are
sufficient to handle new Gulf o0il production. Therefore, emissions from
onshore storage and processing facilities are not considered.

Water Resource Impacts

0CS operations discharge oil and grease from routine operations. EPA
standards for new OCS sources limit oil and grease discharges in produced
water to an average of 30 ppm. Treatment equipment on platforms in the
Gulf has been able to reduce oil content in water discharges to 25 ppm. Up
to 0.6 barrels of formation water are produced per barrel of oil. The
average total dissolved solids content of formation waters produced off-
shore of Louisiana is 110,000 ppm as compared with 35,000 ppm for normal
seawater. The dissolved components of the produced water have been found
to dissipate very rapidly even in shallow water and therefore do not
significantly affect water quality. Some toxic metals have been found in
formation waters in concentrations greater than in sea water but the
concentrations do not appear to be significant.

Water quality will be affected by the disposal of solid wastes such as
drilling muds and cuttings. These materials are discharged from the
platform into the water. Approximately 39,000 cubic yards (82,000 tons,
assuming an average density of 2.5 g/cc) of drill cuttings and 75,000 tons
of drilling mud will be disposed of in the first year from the three plat-
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forms of the 50,000 BPD case. Cuttings and mud from drilling a single well
could be expected to produce a turbidity plume extending over a mile in
length, depending on weather and water conditions.24 If 21 wells are
drilled consecutively from one platform, a turbidity plume would be present

for more than 500 days. Large quantities of sediment also are suspended
during pipeline placement and burial. These sediments may affect benthic

organisms adversely by burying them.

0i1 spills can introduce large quantities of organic compounds into
the water column. Large volumes of water ultimately dilute the oil as it
is dispersed. The 0il is degraded over time by microorganisms and chemical
weathering. In shallow areas oil may become entrapped in bottom sediments
and be resuspended during storms.

Past Gulf OCS operations indicate that although short-term water

quality impacts may be severe, o0il production does not have significant

long-term adverse effects on water quah'ty.24

Solid Waste Impacts

Drilling muds and cuttings are produced as solid wastes from OCS
operations and are discharged into the Gulf from production platforms.
This disposal results in increased turbidity as noted earlier. Such dis-
posal also may have adverse effects on benthic organisms. This is
especially significant in productive hard-bottom areas such as coral reefs.
BLM usually imposes restrictions on solid waste disposal and/or platform
siting in productive hard-bottom areas to minimize these adverse impacts.24
Land Use Impacts

Approximately 5 acres will be required to provide a navigational buf-

24 This will temporarily remove 15 acres and

fer zone around each platform.
55 acres of water and seafloor from commercial fishing for the 50,000 BPD
and 200,000 BPD cases, respectively. Platforms are removed when production
ends and wells are plugged below the sea floor. Additional land should not
be required for onshore support, storage, or processing facilities because
adequate facilities already exist in the Gulf area. Additional onshore
land could be required if extensive development took place in the eastern

Gulf because this area does not currently support much OCS activity.




Occupational Health and Safety

From 1970 through 1976, 102 fatalities and 162 injuries were
associated with Gulf OCS operations resulting from blowouts, fires and
explosions, and miscellaneous accidents such as falls, drowning, and being
struck by falling objects.24 Total oil production during this time period
was 2.6 billion barrels. Exposure to crude oil also may pose a risk to
health due to the carcinogenic potential of components such as polycyclic
aromatic hydrocarbons (PAH) found in crude oils.

Ecosystem Impacts

0CS 0il production will affect the Gulf of Mexico ecosystem. Low
levels of o0il and grease in the immediate vicinity of platforms could have
some chronic effect on aquatic populations, but the actual effects are not
well understood. Platforms will serve as artificial reefs and thus will
dramatically increase local marine productivity. Reef areas generally show
a marked increase in occurrence and diversity of species. Large, free-
swimming fish are attracted to platforms within a few days, and smaller
organisms accumulate over longer periods of time. For this reason, plat-
forms attract much of the sport fishing in the Gulf. The most serious
ecosystem effects which will be associated with OCS development will result
from o0il spills.

Spilled oil may persist in the aquatic environment for several years.
Volatile aromatics are highly toxic and other low-boiling hydrocarbons may
also be toxic. 0il from a spill may have acutely toxic effects which
result in the death of organisms, or it may produce sublethal toxic
effects. Lethal effects generally result from the oil interfering with
such cellular and subcellular processes as membrane activities. Sublethal
effects can be of a similar nature and can affect behavior, increase sus-
ceptibility to disease, reduce photosynthesis and fertility, and cause
abnormal development. The effects ultimately may affect the survival of

individuals and may change population dynamics and equi]ibria.26

Hydrocarbons may be ingested by most marine organisms. The chronic
effects of such incorporation of hydrocarbons, and specifically carcino-
gens, are not well understood, but are a cause for concern. Concern has
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also been expressed regarding the potential for accumulation of these com-
pounds in the food chain, as has occurred, with chlorinated hydrocarbons.
Evidence indicates that this will not occur although no firm conclusions
can be drawn at this time. Although it has been found that oil spilled in
a salt marsh accumulates in almost all organisms in the marsh, some species
recover completely from the hydrocarbon contamination with time.26

Weathered, high boiling fractions of oil may affect individuals and
populations by coating organisms with oil. Birds are especially suscep-
tible to coating, the oil fouling their feathers, causing loss of their
ability to fly, keep warm and float. The birds may suffer toxic effects
from ingesting oil. Diving duck populations are most susceptible to oil
spills as they seem to be attracted to slicks. 0il may affect marine mam-
mals by coating respiratory passages and fouling baleen plates. Ingestion
of 0il and organisms contaminated by o0il could have toxic effects. Adverse
effects on individuals, if they occur, may significantly affect marine
mammal populations due to their limited occurrence and distribution.24
Coating should not be a problem for benthic organisms, except those in the
tidal zone, although these organisms probably will ingest o0il because they
are usually filter feeders.

0i1 spills generally do not have significant effects on free-swimming
organisms such as fish and shrimp because they can avoid oil slicks.
Flavor tainting may occur through ingestion of contaminated organisms
although widespread tainting of fish and shrimp catches has not been
observed in the Gulf. O0il spills, however, may have significant impact on
fish larvae because they are not highly mobile and are much more sensitive
to toxic effects. Large portions of a year class may be affected in the
location of a spill, reducing the population in future years. This type of
effect is most significant when spills reach estuarine spawning grounds and
nurseries. -These areas support exceptionally productive communities and
are highly susceptible to oil spill damage.

Major Uncertainties

It is difficult to predict the environmental effects which will result
from 0il spills except on a site-specific basis which incorporates tides,
currents, weather conditions, and the location of vulnerable resources.
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Site-specific spill trajectory analyses can be used to estimate the proba-
bility of oil spill occurrence and transport once a specific site has been
chosen.

Long-term Cumulative Impacts

Low-Tevel releases of air and water pollutants may have very localized
effects on air and water quality and may have chronic effects on biological
communities. 0il spills may significantly affect air and water quality and
biological communities in the area of a spill. Spilled oil may persist in
an area for several years and may shift species composition and distribu-

tion away from habitats rendered unsuitable by o0il contamination.26

5.1.6 Coal Liquefaction by SRC II

SRC II is a non-catalytic hydroliquefaction process which produces
fuel oil from coal, with byproducts of 1iquid butane, LPG, SNG, sulfur and
ammonia. The discussion which follows assesses the impact of two produc-
tion levels: 50,000 BPD and 200,000 BPD. These levels would require the
input of 16,700 TPD and 66,800 TPD of coal respectively. The reference
case is located in Monongalia County, West Virginia.

Air Quality Impacts

Air quality impacts associated with coal liquefaction include (1)
particulate generation from the mining, transportation, and preparation of
coal; (2) plant emissions of criteria pollutants (SOX, NOX, HC, CO and
particulates), sulfur compounds, organics and trace elements; and (3)
hydrocarbon emissions from product storage and transportation.

The reference case plants are supplied by Pittsburgh coal produced in
underground mines. Mine vents emit hydrocarbon gases (chiefly methane) and
particulates. Methane may be released or flared. Particulates are
generated by coal transportation and preparation as well. Spraying of
water or polymers can be used to partially control these emissions.

The liquefaction plants will produce a number of emissions requiring
control. Among these are SOZ, NOX, HC, CO and particulates. Table 5-8
summarizes plant-wide emissions (with controls) of these pollutants for the
two reference case production levels. The summary includes those emissions
generated by coal preparation at the SRC II plant site.
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Table 5-8. Emission of Criteria Pollutants From SRC II

. . 27
Fuel 01l Emissio (TPD)
Production (BPD) 50, NO, Fhc Part co
50,000 4.5 8.7 0.5 2.2 0.7
200,000 18.0 34.8 2.0 8.8 2.8

These emission levels could have a significant impact on regional air
quality. The most significant criteria pollutants emitted are SO2 and
particulates. Several counties adjacent to Monongalia County exceed the
primary air quality standards for these pollutants. Modeling results for a
proposed 14,000 BPD SRC II plant in Monongalia County indicate that 94% of
the available PSD increment for total suspended particulates would be used
up by this p]ant.28

In addition to the criteria pollutants, liquefaction plant emissions
may contain trace metals and organometallic compounds, polynuclear aromatic
hydrocarbons (PAH), aromatic amines and heterocyclic sulfur compounds.
These materials may have long-term cumulative impacts on public health at
low levels of exposure.

The storage and transportation of hydrocarbons can result in their
release into the atmosphere due to evaporation, spills and leaks. Fugitive
emissions from the liquefaction operations would also release hydrocarbons.
Hydrocarbons combine with NOx in the presence of light to form photo-
chemical oxidants. The estimated hydrocarbon emissions from a proposed
14,000 BPD plant are small in comparison to the background levels in
Monongalia County.28 However, the background ozone levels for the area are
sufficiently high that a small increase in hydrocarbon emissions could

result in violation of NAAQS primary ozone standards.

Water Resource Impacts

The SRC II plants would require a water input of 238,094 BPD (10,066
acre-ft/year) for the production of 50,300 BPD, and 952,376 BPD (40,264
acre-ft/year) of water for the production of 201,200 BPD. Water availabil-
ity could potentially impede the development of liquefaction facilities at
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the reference production levels. Surface water is the primary industrial
water source in the region.

Water pollution impacts may occur as the result of mine drainage,
accidental liquefaction plant discharges or leaching from solid waste dis-
posal sites. Acid mine drainage has already caused severe water quality
degradation in the Monongahela and other West Virginia rivers. The refer-
ence cases would require the underground mining of 16,700 to 66,800 TPD of
coal. The mining effluents associated with these production levels are
shown in Table 5-9.

Table 5-9. Coal Mining Wastewater Effluents, Underground M1'm'ng29 (TPD)
Coal Production Level

16,700 TPD 66,800 TPD

Total Iron 13.5 54.0
Suspended Iron 3.23 12.9

. Dissolved Iron 10.3 41.2
Manganese 0.280 1.12
Aluminum 1.67 6.68
Zinc 0.0560 0.224
Nickel 0.0276 0.110
TDS 182. 728
TSS 8.73 34.9
Hardness 46.9 188.
Sul fate 91.4 366
Ammonia 0.460 1.84
Strontium 0.0935 0.374
Chloride 3.96 15.8
Fluoride 0.0524 0.210

The SRC II reference case plants are assumed to have a zero discharge
design. All wastewater,including boiler and cooling tower blowdown water
and process water is treated and recycled in the plant. Water which is too
concentrated for reuse is evaporated in lined ponds. Surface and ground-
water impacts could result from equipment leaks, 1eaks in evaporation pond
liners, flooding of evaporation ponds during frequent downpours, or other
accidental spills. Liquid wastes generated by the liquefaction plants will
contain a number of hazardous substances, such as ammonia, hydrogen sul-
fide, toxic trace metals, phenols, aromatic hydrocarbons, thiophenes,
aromatic amines and other organic compounds.29 The accidental release of
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these compounds into surface water or their percolation into groundwater
could seriously degrade the water quality and threaten aquatic and land
species.

Another potential source of water contamination at the plant site is
leaching of hazardous materials from solid waste disposal areas. Solid
wastes such as coal ash, coal refuse and sludges from pollution control
devices contain hazardous substances which could degrade water quality.
This problem also is present in the o0il shale alternative, although the
volume of spent shale generated is considerably greater than the solid
wastes produced by liquefaction.

Solid Waste Impacts

Coal liquefaction plants will generate large volumes of solid wastes
requiring disposal. The largest solid waste stream from the plant would be
the gasifier slag stream. Other solid waste streams include tramp iron and
coal refuse, sludge from tailing ponds and water treatment modules, mineral
ash, and oxidized solids from incineration of wastewater treatment
residues.29 The 50,000 BPD facility would generate 6,890 TPD of solid
waste and the 200,000 BPD facility 27,560 TPD.

Solid wastes can impact the environment directly by affecting land use
options and changing land contour and surface vegetation. They can have
indirect impacts on the air due to wind erosion, and water, due to
leaching.

Both liquefaction and oil shale production create large volumes of
solid wastes, although oil shale operations produce a greater volume of
solid wastes per barrel of oil produced.

Land Use Impacts

Coal mining can impact land use by causing subsidence or by damaging
surface vegetation through mine runoff. Liquefaction plants (process area
and coal storage only) will require approximately 400 acres of land for the
50,000 BPD production case and 1,600 acres of land for the 200,000 BPD
production case. The disposal of solid wastes would require the commitment
of 250 to 525 acres for the 50,000 BPD production level, and 1,000 to 2,100
acres for the 200,000 BPD production 1eve1.29
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Ecosystem Impacts

Mine runoff has an adverse impact on aquatic ecosystems, and also may
affect land animals depending on the affected waters. Surface waters in
the reference case area are already badly degraded due to mine runoff.

The hazardous substances associated with liquefaction, such as PAH, toxic
trace elements, and various organic chemicals could result in adverse long-
term effects on animal and plant populations if released into the environ-
ment by air emissions or accidental liquid or leachate discharges. Signif-
icant increases in water consumption could impact aquatic ecosystems during
low-flow periods.

Health and Safety Impacts

The most significant potential health impacts of coal liquefaction are
those related to chemical hazards. Known and suspected carcinogens have
been identified in coal conversion process streams, including various
polycyclic aromatic hydrocarbons (PAH), hetero- and carbonyl-polycyclic
compounds, aromatic amines and inorganic trace e1ements.30

Severe operating conditions such as high temperature and pressure tend
to result in the formation of polycyclic organic molecules, many of which
are considered hazardous. Since liquefaction processes use more severe
operating conditions than the production of shale oil, petroleum or
biomass-alcohol, it may be inferred that the potential for hazardous chem-
ical formation is greater for the liquefaction alternative. This seems to
be supported by a study being performed by E.I. du Pont de Nemours and Co.,
Inc. for DOE, which compares the health effects of various synthetic crude
oils. Preliminary results indicate that coal-derived liquids show a
greater hazard potential than shale-derived 1iquids, which in turn are more
hazardous than petroleum fractions. These findings are based on mutagenic-
ity and tumor initiation tests.31 (The study tested H-Coal materials
rather than SRC-II liquids.)

Industrial workers in liquefaction plants may be exposed to hazardous
chemicals in the work environment by inhalation or dermal exposure. Low-
level exposure over long periods could impact employee health. The release
of low levels of these substances into the ambient air could have long-term
effects on public health in the surrounding region. Public health also may
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be impacted by contamination of surface or groundwater by hazardous sub-
stances. Several process chemicals, such as certain types of polycyclic
organics and arsenic, are believed to be cancer agents.

Workers may be exposed to safety hazards associated with high
temperdature and pressure operations, the use of heavy equipment, fire and
explosion hazards, and equipment failure. Due to the developmental nature
of the technology, data are not available to quantify these hazards.

Major Uncertainties

The adequacy of wastewater control designs to clean produced waste
waters effectively is uncertain. The effectiveness of lined evaporation
ponds for the containment of hazardous waste waters is uncertain due to the

possibility of liner failure and flooding. Six or more inches of water
have fallen in a 24-hour period in the region. Air emissions such as

sul fur compounds and condensible tars may undergo chemical reactions after
emission, posing uncertain health risks. The ability of trace element
control devices (such as those used by the electroplating industries) to
effectively control these pollutants in a hydrocarbon air stream is
uncertain.29 Organic compounds present in liquefaction processes require
further health effects testing.

Long-Term/Cumulative Impacts

Long-term degradation of air and water resources may result from the
various effluents of the mining and 1iquefaction of coal. Of particular
importance is the problem of long-term exposure to potential carcinogens in
plant emissions and products, which may have adverse affects at low levels.

5.1.7 Biomass: Ethanol Production in Central I1linois

The following section discusses the environmental impacts of ethanol
production from corn based on a plant design by R. Katzen Associates.32
The first reference case is for 14 plants to be located in central
I11inois, producing 50,500 BPD of ethanol. The second case is for 56
plants which would produce 202,000 BPD of ethanol. The 14-plant case would
require an input of 824,600 bushels of corn/day and would burn 4,155 TPD of
I11inois No. 6 coal for process heat (i.e., for cooking the mash, fermen-
tation heat and other plant processes). The 56-plant case would require

3,300,000 bushels of corn daily, and would burn 16,620 TPD of coal.
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The barrel-for-barrel equivalence of ethanol to petroleum was set
arbitrarily, as the simplest case, which can be scaled as desired. If a
Btu equivalence is desired, then the ethanol plant would need to produce
about 60% more (using gasoline equivalency) or from 65 to 90% more (using
petroleum equivalency). A case can be made for either. If vehicle-miles
is used as the equivalence criterion, then the Btu ratio would be appro-
priate, provided the demand-price elasticity effects are neglected. In any
event, a larger ethanol production capacity would result, and the emissions
and residuals would be increased proportionately.

Air Quality

The burning of coal for steam generation would be the most significant
direct source of air emissions. Quantitative data on other sources of
plant emissions are not available. Some emissions of 1ight hydrocarbons
could be expected from the fermentation and distillation processes.
Particulate emissions should not be high because a wet milling process is
used. Estimated air emissions for the 14-plant and 56-plant cases are
shown in Table 5-10. If 95% removal is assumed, SO2 emissions would be
reduced to 7.3 and 29.2 TPD for the two cases. Particulate emissions would
be negligible because of filtration which will remove particles down to 1

micron.

Table 5-10. Biomass/Alcohol Emissions

No. of Ethanol Coal Emissions33 (TPD)
Plants Production Burned 502 CO2 Particulates
(BPD) (TPD) (TPD) (TPD) (TPD)
14 50,500 4,155 7.3 7,472 Negligible
56 202,000 16,620 29.2 29,888 Negligible
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Several urban areas in central I11inois violate NAAQS standards for
502. Particulate standards are violated in a number of counties in the
region. Emissions from coal-fired boilers would require controls to pre-
vent damaging air quality impacts. The release of large volumes of 602
into the atmosphere is believed to have the potential for causing global
climatic changes.

Indirect emissions associated with ethanol production from corn
include particulate generation from agricultural activities and coal min-
ing. The amount of pollutants generated from these non-point sources is
difficult to determine. Control methods such as spraying of dust-
generating areas would mitigate the impacts to a degree.

Water Resources and Impacts

Ethanol production is a water-intensive process. The 14-plant case
would require 3.5 million GPD (3,587 acre-feet/year) of make-up water for
the production plants alone. The 56-plant case would consume 14 million
gallons/day (14,348 acre-feet/year). Although I11inois as a whole has an
abundant water supply, water occurrence is sporadic. Several central and
southern parts of the state do not have sufficient quantities of ground-
water to support even a single 3,600 BPD facility. Additional surface
reservoirs would have to be constructed if surface waters were used. This
area has a history of public opposition to reservoir construction. While
groundwater supplies could accomodate the 50,000 BPD case reasonably well,
the 200,000 BPD case may tax available supply and compete with other
uses.34 In either case, water supply will be a determining factor in
selection and distribution of plant sites. Some aquifer drawdown may
accompany development, although in areas where groundwater is plentiful it
is largely underdeveloped.

Corn production is also water-intensive. No major impacts on water
resources are expected to result, however, since the humidity of central
I11inois is sufficient in an average year to provide for 83 bushels/acre
production levels.

Wastewater from the ethanol plants would require biological treatment
before being discharged into surface streams. The volume of wastewater

requiring treatment and discharge would be approximately 15.4 million GPD
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for the 14-plant case, and 62 million GPD for the 56-plant case. Such
large volumes of effluent may pose problems in the region inasmuch as
reaches of the rivers in central I11inois are dry or nearly so for signif-
icant portions of the year. MWater for dilution of treated effluents may be
quite limited, resulting in adverse effects on water quality. Discharges
during periods of lTow flow may also have a beneficial effect by stabilizing
water flows.

Impact on water quality would also result from non-point sources
supplying corn and coal for plant operation. Agricultural and coal mine
runoff are the primary sources of water degradation in I11inois.
Agricultural runoff increases stream siltation and contributes pesticides
and nitrogenous fertilizers to the aquatic environment. The fertilizers
accelerate eutrophication, resulting in bad tastes and odors in the
surrounding waters. Runoff from coal mines and coal storage piles at the
plant would contribute acidic water to freshwater streams. Non-point
sources of pollution are more difficult to control than point sources.

Solid Waste Impacts

Coal ash would be generated by the coal-fired boiler units at the rate
of 384 TPD for the 14-plant case, and 1,536 TPD for the 56-plant case.
Coal ash requires proper disposal or recycling to prevent leachate contam-
ination of surface and groundwaters. Ethanol production will produce
significant quantities of two marketable byproducts. Distiller dark grains
can be sold as animal feed. The 14-plant case will produce 7,514 TPD of
the byproduct. Ammonium sulfate, which could be sold as fertilizer, would
be produced at a rate of 442 TPD (14-plant case). The sale and use of
generated solid "wastes" is a positive environmental characteristic of
ethanol production.

Coal mining will produce overburden and fines requiring proper dis-
posal or reclamation procedures to prevent adverse land and water impacts.
Air and water pollution control methods will produce sludges at the plants.
Sludges from biological water treatment may be used as fertilizer if prop-
erly treated. Scrubber sludges from flue gas desul furization can impact
water quality if proper disposal procedures are not followed. O0il shale
production will produce much larger volumes of solid wastes (e.g., spent
shale) than ethanol production and supporting activities. Wastes from
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ethanol production are generally less hazardous than oil shale solid
wastes, and have a greater potential for recycling.

Land Use Impacts

Ethanol production is a land-intensive process. I11linois has a
relatively high average production ratio of 83 bushels of corn per acre.
At this rate the 50,500 BPD case would require 5,000 square miles of usable
agricultural land for corn production. The 202,000 BPD case would require
20,000 square miles of land. This is considerably more land area than
would be required for oil shale production; however, the agricultural land
can be used for the same purpose year after year, and can be converted to
other uses relatively easily. Agriculture is already the prime land use in
central Il1linois, utilizing approximately 90 percent of the land in most
counties.

Coal mining and the production plants themselves also would affect
land use. They would impact much smaller areas than agriculture, but would
commit the land to energy production for longer periods of time. Reclama-
tion of mined lands is necessary both for the production of oil shale and
coal; however, the humidity of the central I11inois climate would make
reclamation easier than in the more arid West.

Other land use impacts include increased erosion from agricultural and
mining activities, and possibly the subsidence of the land surface due to
mining.

Health and Safety

No unusual health and safety impacts are expected from ethanol
production. Typical mining hazards would be associated with coal opera-
tions supporting the ethanol plants. Machinery and pesticide hazards would
affect the supporting farmms. Ethanol plant workers would be subject to
normal industrial safety hazards such as machinery accidents and fire. The
presence of flammable liquids increases the probability of fire or explo-
sions. Hydrocarbon fumes (e.g., from gasoline and ethanol) would require
in-plant controls to prevent exposure or explosion. Safety risks associ-
ated with ethanol fermentation and distillation are expected to be less

serious than those posed by other technology alternatives due to less




severe operating conditions, although data to substantiate such a safety
comparison are not available.

Ecosystem Impacts

The only significant ecosystem impact of ethanol production would be
changes in plant and animal (especially insect) populations resulting from
changes in traditional crops and land uses. This effect would be small in
central I1linois since corn already is a major crop. Degradation of air
and water quality from ethanol production would have a cumulative effect on
the health and distribution of plant and animal species. The increased use
of pesticides would affect insect and bird communities and potentially
could affect animals further up the food chain, including humans.

Major Uncertainties

A major uncertainty in assessing the impact of ethanol production is
whether the coal and corn used for ethanol plants will come entirely from
new production or by diversion of the products from existing destinations.
Although for the sake of comparison it must be assumed that the feedstock
will come from new production, in reality corn supplies may be obtained by
decreasing exports or from surpluses normally kept off the market to pro-
tect prices, rather than from increased acreage. Many of the impacts
discussed above would be mitigated to the extent that current production
levels and practices were used to supply the plants.

The extent to which non-point sources of air and water pollution would
impact the environment are difficult to assess quantitatively. It is known
however, than non-point agricultural and coal mine runoff--two of the
impacts associated with ethanol production--already are causing degradation
of water quality in central I1linois.

Long-Term Impacts

Although corn is a renewable resource, its production and conversion
to ethanol requires the use of non-renewable resources, including coal,
chemical fertilizers, 1ime, etc. The continued erosion of land and silta-
tion of surface waters is accelerated, but not caused solely by agricul-

ture. Its long-term effects will be to decrease land productivity and
diminish stream flow.




The accumulation of pesticides in surface water, groundwater, and the
food chain due to agricultural runoff could have adverse, long-term effects
on the plant, animal and human population, provided new land is cultivated.
Air emissions will have a cumulative effect on air quality. Carbon dioxide
emissions may contribute to long-term climatic changes on a global scale.

5.2 SOCIOECONOMIC CONSEQUENCES

The discussion of socioeconomic impacts is divided into three sub-
sections. An overview of socioeconomic effects and the analyses performed
for the EIS is presented in the first (5.2.1), comparative analysis of
socioeconomic effects associated with a nominal 50,000 BPD production level
by NOSR 1 and the five alternatives addressed in this EIS is presented in
the second (5.2.2), and analysis of the cumulative effects of NOSR
development in western Colorado is provided in the third (5.2.3).

5.2.1 Overview

Large-scale energy development tends to generate rapid and
discontinuous changes in the social and economic environment of rural
commmunities. There are basically five components of this energy-based

socioeconomic transformation as it has occurred throughout the country.35

1. SOCIAL DISRUPTION. Energy develoment causes sudden changes in the
population mix and patterns of everyday life. These in turn cause social
problems and social conflicts. Rates of alcohotism, drug abuse, mental
illness, divorce and juvenile delinquency increase. While many of these
problems are experienced by newcomers unaccustomed to their living
conditions, long-time residents are similarly affected by the disruptioh.

2. PUBLIC SERVICE NEEDS. Americans have come to expect certain basic
public services such as$ roads, water, schools, police and fire protection,
and social welfare assistance. During rapid growth, these services are
often overburdened, or unavailable to some groups. In addition, public
services which a small community did not provide before may be necessary to
support energy develoment to cope with its side effects. Tax rates must
often increase to cover the cost of providing new or expanded services.

The lead time needed to design and build new facilities may mean that the
costs are borne by those who live in the area before the boomtown popula-

tion has actually arrived.




3. SHORTAGE OF PRIVATE GOODS AND SERVICES. During a rapid growth
period, the private market rarely keeps pace with demands for goods and
services, especially housing. In some cases, housing shortfalls actually
can restrict energy development and worker productivity.

4. INFLATION. Excess demand triggers inflation in prices, wages and
rents. While price increases may be welcomed by the storeowner whose costs
usually do not rise as quickly as revenues, and increased housing prices
benefit the landlord, inflation is particularly harmful to senior citizens
and others on fixed incomes who cannot take advantage of rising wages.

High construction wages, combined with a general labor shortage, also may
cause other wages in the local economy to rise.

5. REVENUE SHORTFALLS. Even though growth expands sales and property
tax bases, revenues may increase more slowly than costs in the short run.
These revenue shortfalls are due to (i) delays between the time development
begins and the time a locality may realize either property or sales tax
revenue; (ii) delays in raising capital for constructing and improving
public facilities; (iii) capital needs beyond local government's legal
bonding capacity; and (iv) location of high-tax yielding properties outside
the communities hosting the newcomers and the resulting public costs.

These adverse effects have typically been more pronounced in regions
where energy development is a totally new and unprecedented influence, and
in this regard the development of 0il shale at NOSR 1 and the alternatives
of coal liquefaction and private commercial shale development all share the
potential of generating major socioeconomic change while the development
alternatives for which a certain body of precedent experience exists
(enhanced 0i1 recovery, Outer Continental Shelf o0il production, and
gasohol) are unlikely to present as severe an intrusion or impact on their
respective socioeconomic environments.

For purposes of this analysis, quantitative estimates of the
beneficial and adverse economic effects of each alternative development
configuration have been derived; and where possible a general discussion of

the anticipated social implications of each particular development under




study is provided. The economic measures selected here reflect a public
benefit/cost perspective and include the following:

1. Property tax effects (i.e., revenues) of constructing and
operating the relevant facility or facilities;

2. Residential property tax effects (i.e., revenues) associated with
the construction and operational work forces;

3. Local sales tax effects of work force wage and salary
expenditures;

4. State income tax effects of work force wage and salary payments;
and

5. Fiscal impacts on local government due to influx of transient and
permanent work forces (i.e., costs associated with construction
and operation and maintenance of required new public, capital
facilities, including roads, schools and utilities, and community
service delivery systems, such as health, police, fire, and
education).

These standard public cost and revenue categories provide a uniform
basis for assessing the comparative economic impacts of the alternative
technologies under study. The social effects of the individual development
options are more difficult to anticipate since comparable quantitative mea-
sures are non-existent. Considerations of potential social and community
change are thus treated only in a general way. Several other qualifica-
tions to this analysis also need to be noted.

The comparative analyses do not derive from a precise year-by-year
modeling of the socioeconomic effects of each development option, and no
site-specific baseline analysis has been conducted. Various assumptions
necessarily have been made regarding local government tax structure and
public service delivery systems. No explicit analysis of existing capacity
in public facilities and services has been included, and thus all cases
tend to present a "worst case" impact profile. Of particular importance is
the fact that planned or in-place mitigation measures, both local and
federal, have not figured in the overall comparative analysis. For exam-
ple, it should be recognized that in recent years the State of Colorado
(the Tocation of both the NOSR 1 and private oil shale development option)
has been developing a progressive and comprehensive program to assist
comunities which will be affected by 0il shale development. Colorado's
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community impact assistance effort is funded primarily by revenues obtained
from the State's 0il1 Shale and Severance Tax Trust Funds.

Federal policies on inland impact assistance are less clearly defined.
There are only three federal programs specifically geared to addressing the
problems of energy-impacted communities: the Coastal Energy Impact Program
(CEIP); the DOE Farmers Home (Fm Ha) 601 Impact Assistance Program; and the
1920 Mineral Leasing Act which provides the states with up to 50% of reve-
nues collected for federal leasing activities, including federal oil shale
lands. The CEIP, while not applicable for 0il shale development, could
figure prominently in mitigation efforts connected with the OCS and
liquefaction development options.

Public Revenue and Cost Categories

Public revenues and costs provide a basic measure of the impact (both
beneficial and adverse) associated with each of the development options
under study. The configuration of costs and revenues induced by the

respective development options has a direct effect on such broad public
concerns as the distribution of the public financial burden among citizens;

the performance of local markets, including labor, housing, land, consumer
goods, services, and transportation; efficiency in the consumption of
public services; and local control of future spending and resource
allocation decisions.

The revenue sources considered here include the following: retail
sales tax, property tax, and state income tax.

Retail sales taxes are commonly separated into two categories: (1)
general and (2) selective. Both forms are typically used at the state
level. The general sales tax is the form predominantly used at the local
level. The general sales tax is typically an excise tax levied on retail
sales of tangible personal property in the taxing jurisdiction. Sales of
services normally are excluded from taxation at both state and local
levels.

For purposes of this study, retail sales tax revenue has been derived
from wage and salary expenditures for all project personnel. It has been
assumed that net disposable income is equal to 70% of the gross wage and
salary income earned by construction and operation work forces and that 50%
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of this net income is expended on items subject to tax. It is assumed
further that 50% of these taxable expenditures are purchased outside the
borders of what would constitute the regional economic environment of the
particular development in question. Finally, an assumed sales tax rate of
5% is assumed to prevail in all regional project environments.

The property tax is an ad valorem tax computed on the assessed
valuation of all taxable property, real and personal, located within the
territorial limits of the authority levying the tax. A basic distinction
is made here between the property tax revenue generated by the respective
energy facilities identified in each development option and the residential
and commercial property tax revenue that would flow from the new housing
and business development occasioned by the presence of new work forces and
population. The importance of property taxes as a key indicator of socio-
economic impact and as the principal source of local revenue for local
governments is illustrated by the fact that nearly 90% of all local tax
income normally is represented by property taxes. The added assessed
valuation of major energy facilities is derived by applying an average 30%
assessed valuation rate to the capital value of the facilities inherent in
each development option. An average mill levy of 25 mills has been applied
to obtain an estimate of plant based property tax revenue. Again, it
should be noted that, while assessment is not normally deferred until
construction is completed, no incremental or phased analysis of property
tax revenue has been undertaken.

Residential property tax revenue has been estimated by applying an
average per capita factor of $75 to the new population fostered by the
direct work force and induced employment associated with each development
option.

State income tax revenue effects of each development option have been
estimated by applying a uniform 5% rate to the gross wage and salary income
of direct and induced work forces. Conservative estimates of direct proj-
ect personnel wage and salary income and local service employee income have
been utilized. The respective estimates of gross annual income for direct
project personnel and induced or local service workers are $20,000 and
$15,000 (1980).
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Two aggregate local government per capita cost factors have been
utilized to estimate the total costs for new capital facilities and human
services that would be required for the population growth engendered by
each development option. These per capital cost factors were derived by
reviewing selected operations and maintenance and capital construction
budgetary data from representative local governments throughout the
country. An average 1980 local government capital cost factor of $800 per
capita was applied to the new population associated with each development
option to obtain a total local government capital cost estimate.
Similarly, a per capita cost factor of $600 for expanded human services
delivery was utilized to derive a comparable total cost estimate for that
category.

The comparison of cost-revenue impacts of the various alternatives is
based on peak operation employment and the population which it induces.
Although construction impacts would be significant, they are discontinuous
and not representative of the long-term balance between the costs and
revenues attributable to the various energy development alternatives. The
cost-revenue comparisons represent a typical year of development operation
and present the average total annual costs and revenues generated by the
induced population.

5.2.2 Comparative Socioeconomic Impacts of Development Options

This subsection provides a comparative analysis of the social and
economic effects that would be associated with a 50,000 BPD production
level at the NOSR 1 site and the realization of equivalent production at
five alternative sites utilizing the following alternative technologies:

1. Commercial 0il Shale Development, utilizing TOSCO II processes
(i.e, the Colony development in western Colorado);

2. Coal Liquefaction, utilizing SRC II process near Morgantown, West
Virginia;

3. Enhanced 0il1 Recovery, utilizing steam injection processes in Kern
County, California;

4. OQuter Continental Shelf o0il production in the Gulf of Mexico or in
southern California; and

5. Grain fermentation to produce ethanol for use in gasohol
production in central I1linois.
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Each alternative will be discussed below. All developments are viewed
in isolation with no concomitant development assumed. An assessment of the
cumulative effects of NOSR and other energy projects in western Colorado is
provided in 5.2.3. There are no measurable socioeconomic impacts of the
conservation alternative and, consequently, no discussion is included in
this section. See the reasons for selection in Section 3.2.

NOSR and Colony Regional Description

The regional vicinity of the NOSR and Colony developments may be
viewed as encompassing Garfield, Rio Blanco, and Mesa Counties in western
Colorado. This three-county area is part of the great Colorado Plateau and
is dominated by the Colorado River and a preponderance of national forest
and other federally managed lands.

Municipalities of importance in the region include: Grand Junction,

Parachute, Rifle, Glenwood Springs, Meeker, and Rangely. Population data
for the region are given in Table 5-11 and reflect the predominantly rural

character of the three counties and the rapid population growth experienced
during the past decade.

Table 5-11. Regional Population Data

1970 1980

Location Population Population
REGION 74,037 110,299
Garfield County 14,821 22,514
Rifle 2,150 3,215
Parachute 270 338
Glenwood Springs 4,040 4,637
Rio Blanco County 4,842 6,255
Meeker 1,743 2,356
Rangely 1,839 2,113
Mesa County 54,347 81,530
Grand Junction 24,043 28,144
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The socioeconomic base of the region is supported by agriculture,
mining, and tourist-related industries; and land use patterns reflect the
region's relatively undeveloped nature.

The 0il shale region of Garfield, Mesa, and Rio Blanco Counties in
western Colorado has already experienced substantial growth due to coal
development and recreation and tourism-based attractions. Table 5-12
summarizes, for example, the population growth of Garfield County and its
incorporated areas from 1960 to 1980. The County population as a whole
grew by 23 percent during the 60s, or a 2.1 percent annual rate. Only
Glenwood Springs and the unincorporated area exceeded that growth rate,
with 4.4 and 3.9 percent annual gains, respectively. (Annexations, which
may have artificially increased the apparent growth of towns and decreased
that of the unincorporated area, are not discounted in the Census data.)

Table 5-12. Population Growth Trends - 1960, 1970, 1980

Compound Annual % Change
1960 1970 1977 1980 1960 - 1970 - 1977 -

1970 1977 1980

Garfield County 12,017 14,821 18,800 22,514 2.1 3.5 6.2
Carbondale 612 726 1,644 2,084 1.7 12.4 8.2
Glenwood Springs 2,637 4,040 4,091 4,637 4.4 0.2 4.3
Parachute 245 270 377 338 1.0 4.9 -3.6
New Castle 447 499 543 563 1.1 1.2 1.2
Rifle 2,135 2,150 2,244. 3,215 0.1 0.6 12.7
Silt 384 434 859 923 1.2 10.2 2.4
Unincorporated Area 4,557 6,702 9,042 10,754 3.9 4.4 5.9

Source: U.S. Bureau of the Census, 1960 Census, 1970 Census, 1977
Special Census, 1980 Census (Advance Report)

The 1970 to 1980 period showed a significant change in the trend of
the 60s. Glenwood Springs' population growth slowed while Silt's and
Carbondale's annual growth rates exceeded 10 percent. Both Parachute and
the unincorporated area also exceeded the County's 3-1/2 percent annual
rate of change. Newcastle and Rifle experienced moderate but increasing
rates of growth.




The employment and population effects of the NOSR or Colony projects
will thus be superimposed on an area already experiencing substantial
growth.

NOSR Development Options

The development of a 50,000 BPD facility at NOSR 1 in western Colorado
will require a peak construction work force of apprdximate1y 2,100 persons
and a permanent operational work force (including mine personnel) of about
1,200. The overall development schedule is such that mining and opera-
tional personnel are introduced prior to the completion of plant construc-
tion, and thus the combined peak work force (i.e., initial operational
personnel added to the peak construction work force) may be estimated at
approximately 2,300 persons. This direct project work force will present a
short-term demand for additional local service workers in the region and
will foster a discontinuous increase in total population. The long-term
operational work force associated with the NOSR development will present a
substantial demand for local service employment, and for purposes of this
comparative analysis the permanent long-term population effects of the NOSR
development provide the basis for the following impact assessment.

The long-term permanent operational work force of 1,200 persons at
NOSR 1 will support local service employment totaling about 1,800 persons.
This level of induced employment assumes a "multiplier" effect comparable
to those identified in the large body of socioeconomic research that has
been undertaken in the region. The long-term total population effect (all
workers and their related family dependents) of the NOSR 1 development will
approximate 7,500 persons. The influx of 7,500 persons in the regional
vicinity of the NOSR development will alter substantially the existing
socioeconomic environment.

Retail expenditures on the part of direct project personnel and
indirect local service workers will generate approximately $440,000
annually in the sales tax revenue.

Projections of the property tax effects of the 50,000 BPD facility at
NOSR 1 can be estimated from a capitalized value of $875 million. The

plant's assessed valuation would be roughly $263 million yielding about
$6.5 million in annual revenue.




Residential property taxes generated by the induced population would
total over $560,000 annually. Income taxes generated by project-related
employment would total over $2.5 million. Direct project employment would
account for $1.2 million, and indirect employment would account for $1.35
million each year.

Total public tax revenues generated by the project would amount to
over $10 million annually. Public costs would include 36 million in local
government expenditures and $4.5 million for expanded human services
delivery. Consequently, the costs of the 50,000 BPD NOSR development could
feasibly be offset by revenues generated by project activity.

However, if the project should be government owned and contractor
operated, there is a definite prospect that local government could lose the
property tax on the facility based on the holding of a recent court case.
In United States V. State of Colorado, 627 F.2d 217 (1980), the state was
sued by the U.S. over the issue of the taxing authority under Section
39-3-112 of the Colorado Revised Statutes, 1973. At issue was a user tax
imposed on Rockwell International Corp., which operated the Rocky Flats
Nuclear Weapons Plant, near Denver, which is owned by the federal
government. The Court of Appeals ruled in favor of the U.S., holding that
the Colorado tax on Rockwell, as the user of tax-exempt property, was in
reality a tax on the property itself, and, as such, was barred under the
doctrine of implied immunity. This loss of revenue would only be partially
offset by the payment in 1lieu of taxes (PILT) program. Since property
taxes on a NOSR oil shale facility account for over half of the potential
revenues, the government owned, company operated option would 1ikely create
a significant burden on local agencies to accommodate the population influx
due to the development.




The amount of government ownership varies among the five development
policy options, and the amount of property tax on the facility varies
inversely, as listed below.

Government
Option Ownership Property Tax
Lease 0% 100%
Quasi-utility 0% 100%
Separate Ownership 27% 713%
Joint Ownership 50% 50%
Government Owned 100% 0%

(The 1oss of tax revenue due to partial government
ownership could again be offset in part from the
PILT program.)

The 200,000 BPD NOSR option would have significantly greater impacts
in the project area. The construction period would be six to seven years
longer than the 50,000 BPD option. The overlap of construction and oper-
ation activity would magnify the impacts on the socioeconomic environment.
The construction peak work force would remain about the same as in the
50,000 BPD scenario but the number of operation workers would increase to
an estimated 4,000 employees. Indirect local employment generated by
operation activity would amount to about 6,000 employees resulting in a
population increment of 23,000 which would constitute an overwhelming
increase in baseline population levels.

The increase in population under the 200,000 BPD option would generate
over $1.7 million in residential property taxes. Income taxes paid by
operation employees would total $4 million annually and indirect employees
would account for an estimated $4.5 million in additional state income
taxes. Sales taxes generated would amount to approximately $1.5 million
annually.

The 200,000 BPD o0il shale complex would have an estimated capital
value of $3.2 billion and would generate approximately $24 million annually
in property taxes under the private lease option. Total revenues resulting
from the project would amount to almost $36 million annually.

Public costs would also be substantial due to the massive number of
people involved. Local government capital expenditures would be expected
to amount to over $18 million per year. The cost of expanding human
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delivery services would amount to almost $14 million resulting in total
public service costs of over $32 million annually. Consequently, the
project under the 1nease option would likely produce enough revenue to
offset the public service costs associated with the project.

However, as in the case of the 50,000 BPD option, if the government
owned, company operated option were pursued resulting in a loss of most of
the property taxes generated by the project, there would be a major burden
placed on local government.

Colony Development Option

The Colony Development would be quite similar to the 50,000 BPD NOSR
development in terms of costs and revenues. The estimated construction
work force is somewhat larger at 2,400 workers whereas the operation work
force of 1,000 to 1,200 is comparable to the NOSR option. The operation
activity will generate approximately 1,800 service jobs resulting in a
total project-induced population increment of about 7,000.

The new population would generate almost $338 million in residential
property taxes each year. Income taxes paid to the state by direct and
induced employees would total over $2.5 million per year. Local purchases
made by project-related workers would amount to almost $370,000 annually.

The capital value of the o0il shale facility would be approximately $1
billion and would generate over $9.5 million in property taxes each year.

Total annual revenues resulting from this project would amount to
almost $13 million. Public costs would total almost $9.7 million
representing local government capital expenditures of $5.5 million and

additional costs of $4.2 million for human services.

The accommodation of the direct and indirect population growth that
will be associated with o0il shale development in western Colorado will be a
critical determinant of the feasibility and ultimate success of any
specific project that is contemplated for the region.

The Colony project staff has conducted extensive analyses of the
likely land use and settlement patterns that would result from the Colony
project in the absence of systematic community development planning




efforts.  These analyses reveal that the area of significant and direct
socioeconomic impact would be the Colorado River Valley between Grand
Junction, Colorado, and Glenwood Springs.

A variety of possible urbanization patterns with varying degrees of
land use and zoning controls can be postulated, ranging from uncontrolled
scattered 1inear development from Glenwood Springs to Grand Junction to a
concentrated new development with a diversified employment base.

Three alternative settlement patterns were selected by Colony for
further study of their consequences and offsite impacts. They were (1)
expansion of existing communities, (2) scattered growth, and (3) a new
community accompanied by some expansion of existing communities.

Existing communities were examined in terms of their growth potential
by 1ooking at various factors--developable land; unused school capacity;
ability of sewer, water and road networks to expand; fiscal position;
community facilities; etc. Grand Junction is western Colorado's major
transportation and service center and due to its size and expansion poten-
tial, will be impacted to some degree. However, its location is some 50
miles from the town of Parachute and a two-hour, one-way commute to
Parachute Creek plant sites. Likewise, Glenwood Springs, another substan-
tial community is some 40 miles to the east of Parachute. Its expansion
potential is limited by severe topographic features. The town of Rifle,
nearer to the Parachute entry to the southern Piceance Basin, has substan-
tial growth areas, and, notwithstanding limited sewer and water capacities,
could accommodate a portion of the direct and indirect population increase.

Uncontrolled fragmented growth would most 1ikely locate itself
adjacent to the existing road system, 1Timited to the linear Interstate 70
corridor. This potential growth area has both a highly vulnerable eco-
Togical and air quality condition, a highly productive ecosystem from the
standpoint of wildlife and a high frequency of natural temperature inver-
sions which could be impacted more severely by emissions associated with
increased urbanization and automobile commuting. Some river bottom areas

are within highly constricted canyons where air stagnation is even more




critical. An uncontrolled scattered urbanization in the region would
necessitate long distance automobile-oriented commuting to work locations,
contributing pollutants to these areas with poor air.dispersion conditions.

Parachute itself and the head of Parachute Creek Valley, although a
pleasant south-facing valley with a temperate climate, provide only a
restricted area for development. The present checkerboard housing devel-
opment and ownership pattern of the valley would prevent the siting of any
extensive development. Without planning controls, strip growth of piece-
meal sprawl would 1likely result both up and down river from Parachute and
up Parachute Creek. Although Parachute is convenient for urbanization in
terms of the home-to-work commute, topographic features limit land avail-
able for expansion with hills on either side and the river and floodplain
to the south. With cold air drainage down the valley from the north, local
air pollution could result from both the o0il shale development and
commuting to it, as indicated by studies of the air quality impacts.

Colony Development is committed to a planned comprehensive new
community on the Battlement Mesa south and east of the Colorado River at
Parachute, thus restraining the unmanageable growth pressures on Rifle and
Parachute without depriving them of a significant portion of the project's
economic benefits.

The major planning criteria for choosing the Battlement Mesa site for
the new community can be summarized as follows:

Most workers will prefer to live as close to their jobs as possible.
This site locates a majority of Colony's workers near Parachute and would
place them in the same school district and fire district as the oil shale
plant, which will assure that tax revenues from the industrial plant will
be available to such districts. This location wouid also reduce worker
commuting and be beneficial in energy conservation and vehicular air
pollution reduction. Strip development would also be minimized. The new
community concept would greatly reduce the impact on Parachute and other
communities.

The primary purpose of developing Battlement Mesa as a new community
is to provide housing for construction and operational personnel working on
Colony, and it should be emphasized, on other potential o0il shale projects
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located north of Parachute, Colorado. Such residential development and
related public and business services will benefit the region in the
following ways:

a. The existing cities and towns in Garfield County will not be
damaged by rapid population increases beyond their ability to
provide housing and necessary public services.

b. Scattering of housing and business services in an undesirable

manner in unincorporated areas, especially along the Colorado
River Valley, can be minimized.

c. Unnecessarily long travel distances from workers' places of
employment to housing areas will be avoided, thus reducing travel
costs, added traffic hazards, and increased air pollution.

d. Employees in the oil shale industry will have an added variety of
housing choices and convenience of location which should improve
their morale and satisfaction with the area as a place of
employment.

Enhanced 0i1 Recovery Development Option

Enhanced 0i1 Recovery as proposed in Kern County, California would
utilize existing o0il recovery facilities thereby reducing considerably the
impacts of development. The peak construction employment is estimated at
600 workers. Operation employment is estimated at 175 and would generate
service employment of approximately 260 workers. The resulting population
induced by the project would number about 1,000 and would represent a minor
effect on baseline county population characteristics.

Retail expenditures by the new population would generate approximately
$53,000 in sales taxes annually. Property taxes generated by the new

population would amount to approximately $75,000 annually and state income
tax would be approximately $370,000 each year.

The capital value of the EOR facilities has been estimated at about
$380 million and would generate property tax revenues of approximately $2.9
million annually.

Total revenues generated by the EOR development would be over $3.3
million annually. Public costs associated with the new population would
total about $1.4 million, significantly less than project related costs.




Outer Continental Shelf Development Option

Outer Continental Shelf development would also utilize existing
systems requiring the smallest construction and operation work force of
all the alternatives. This development option is estimated to require only
120 construction workers and 44 operation personnel, 30 offshore and 14
onshore. Operation employment would generate an additional 66 service
employees resulting in a total population increment of 254 which would be
insignificant in the proposed areas of Santa Barbara, California or the
Gulf Coast in Texas.

Residential property taxes would amount to about $19,000 annually.
Income taxes paid to the state by project related employees would amount to
less than $940,000 annually. Sales taxes would amount to only $13,000 per
year.

Total revenues would amount to about $3.5 million per year, the
largest share of which would come from property taxes on the 0CS facili-
ties. Public service costs for the project related population would be
quite Tow due to the small number of people involved. Only about $350,000
would likely be expended by local service agencies.

Biomass/Alcohol Development Option

Alcohol production would not be new to centra®t I11inois; however, the
project would require total operation work force several times larger than
the EOR and OCS alternatives and intensive development would be required to
ensure rapid attainment of a 200,000 BPD equivalent. The construction
force of fourteen 3,600-BPD plants would require almost 2,000 employees
during peak construction activity. The total operation work force would
also be relatively large (approximately 2,200). Operation employment would
generate an additional 3,300 service workers resulting in a project-related
population increment of almost 12,600 people throughout the affected areas.
Since it is likely that the 14 plants will not be located in a single site,
the population increase in any one community would be only a fraction of
the total population increase. In some agricultural communities an

increase in employment opportunities would have a beneficial effect.




The induced population would generate almost $65 million in property
taxes annually and over $1 million in sales taxes. Income taxes would
total over $4.5 million per year.

The capital value of gasohol facilities is less than any of the other
alternatives and would account for relatively smaller property tax revenues
to local jurisdictions. The facilities are estimated to have a capital
value of about $812 million and would generate property taxes of
approximately $6.1 million annually.

As a result, public revenues from gasohol development would total
about $13.2 million. Public service costs would total about $27 million
dollars representing a potential deficit of almost $13 million per year to
state and local governments.

Coal Liquefaction Development Option

Coal liquefaction is the most labor intensive alternative. Peak
construction employment has been estimated at 7,089 workers which is far in
excess of the other development options. The operation work force has been
estimated to be 1,774 workers. Service employment generated by the opera-
tion activity would total almost 6,000. The resulting population increment
of over 20,000 persons would significantly impact the socioeconomic
environment of Morgantown, West Virginia.

The induced population would generate over $1.7 million in annual
residential property taxes. Project related employment would generate
approximately $8.5 million in state income taxes and almost $1.5 million in
sales taxes each year.

Property taxes on the coal liquefaction facility would amount to
almost $18 million annually. The total revenues generated by the project
would then total nearly $30 million annually.

Public service costs, however, would be overwhelming. Local
government capital expenditures would 1ikely be more than $18 million per
year. The cost of expanding human services delivery would be almost $14
million per year representing a total annual public service cost of over
$32 million. It is clearly infeasible that project generated revenues could
offset the public service costs and social impact of this alternative.
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Conservation Option

The conservation alternative is difficult to assess in socioeconomic
terms. The primary consequence of saving 50,000 BPD of gasoline is a 0.6%
decrease in the amount of gasoline pumped across the nation. This does not
sound high enough to affect the service station industry, but might con-
ceivably impact the gasoline distribution industry slightly. The socio-
economic impacts of the conservation alternative as defined are expected to
be minor since vehicle design changes would probably be accommodated in
annual model changes routine to the auto industry, which do not generate
any significant demand for new employment. As mentioned in Section 3.10,
no socioeconomic analysis of this alternative has been attempted here.

Comparative Socioeconomic Analysis Data Summary

A summary of employment, capital cost, revenue, and public cost data
for the socioeconomic comparisons of the technology alternatives and
development policy options is presented in Table 5-13.

5.2.3 Cumulative Socioeconomic Effects of NOSR Development in Western
Colorado

In the preceding comparative analysis, NOSR 1 impacts were considered
in isolation. However, the magnitude of the cumulative socioeconomic
impacts that could be manifested in the three county regions of interest in
Colorado, are of special interest since they could exercise great influence
on the timing and configuration of the ultimate development policy adopted
with regard to NOSR 1.

In order to examine the issue, a cumulative socioeconomic impact
analysis was performed. The analysis recognizes the possible development
of various oil shale, synthetic fuels, and coal mining projects in western
Colorado over the next 20 years, and portrays the population and fiscal
implications that these combined developments will have with and without a
100,000 BPD NOSR development. The specific energy developments that have
been modeled include: the Colony, Union, C-b, and Mobil o0il shale
projects; the GEX, Sheridan, Snowmass, Colowyo, Northern coal projects; new
coal leasing under the Hams Fork/Green River Program; and the Moon Lake

Power Project.




Table 5-13. Comparative Socioeconomic
Analysis Data Summary

50,000 BPD 50,000 BPD 200,000 BPD 200,000 BPD 50,00 BPDL
NOSR NOSR NOSR NOSR ENHANCED COAL OUTER GASUHOL CuLuny
(ANDUSTRY) (Goco) (INDUSTRY) (GOCO) olL LIQUE-  CONTIKENTAL  (BIOMASS
RECOVERY FACTION SHELF ALCUHUL )
1. Peak Construction Employment 2,100 2,100 2,100 2,100 600 7,08Y 120 ¢,Luu 2,400
2. Peak Operation Employment 1,200 1,200 4,000 4,00V 175 1,774 30 2,00 1,c00L
3. Operation Induced Employment 1,800 1,800 6,000 6,000 263 6,000 45 3,300 1,800
4. Population Associated with
Operation and lnduced
Employment 7,500 7,500 23,000 25,000 1, 000 23,000 173 12,60V 7,000
5. Capital Value of Facility .
($000) $1, 295,000 $875,000* $4,700,000  $3,200,000% 3¥3bU,U0U $2,400,000  $575,000 3BlZ,000  $1,270,00U
6. Estimated Annual Property
Tax Revenue from Facility
e ($000) $9,713 ' $35,500 o 32,65 318,000 32,812z 36, 0% 3W,5¢5
1
o))
o 7.  Average Annual Residential . .
Property Tax Revenue ($000) $562 $562 . $1,725 $1,725 $76 31,725 312,975 31,444 35,175
8. Average Annual Sales Tax
Revenues ($000) $371.5 $371.5 31,480 31,486 $53.5 31, 486 39 31,0zt »3b7
Direct Operational $210 $210 $700 $70V $30.6 $700 11 3568 $21v
Induced Employment $236 $236 $786 $786 323 $786 1L $440 LYR-Y]
9.  Average Annual State lncame
Tax Revenue (3000) $2,550 $2,550 38,500 34,500 $372 $8, 550 3637.5 $4,675 32,550
Direct Operational $1,200 $1,200 $4,000 $4,000 $175 $4,000 $30 32,200 $1,20L
Induced Employment $1,350 31,350 $4,500 %4, 500 $197 34,500 $34 32,475 $1,350
10. Total Average Annual
Revenues (3$000) $13,190 $3,550 $47,200 $11,711 $3,351 $¢9,711 $3,47¢ 313,242 ylz, 95y
11. Total Average Annual
Public Costs (3000} $10,500 $10,500 $32,200 $32,200 31,411 $32,200 3242 327,000 39,6060
Capital Costs $6,000 $6,000 $18,400 $16,400 3806 $1b,400 3138 $15,450 $b,beL
Service Costs $4,500 34,500 $13,800 $13,800 3605 $13,800 Y(IT) $11,5%0 ¥, 140

* Government ownership cost does not include land cost, insurance and contingency tunds.
**Property taxes lost to local government with loss offset only partially by PILT.




Figure 5-1 and Tables 5-14 and 5-15 illustrate the combined population
effect of these developments juxtaposed with a 100,000 BPD development at
NOSR 1. The production level at NOSR 1 is assumed to be realized through
two 50,000 BPD mining and surface retort facilities with the first plant
introduced in 1987 and a second in 1989. Four communities would experience
substantial growth in the three county region (Parachute, Rifle, Battlement
Mesa, and Meeker) and under the assumed development scenario the additive
impact of the NOSR development can be seen in Figures 5-2 through 5-5 and
Tables 5-16 through 5-23.

It should be emphasized that the population growth reflected in the
previous Tables and Figures is modeled on the basis of a hypothetical
energy development scenario in western Colorado and a hypothetical
development option at NOSR 1. No specific policy option is thus implied.

The population growth that will be attendant to the combined or
cumulative energy development in western Colorado and the growth associated
with development at NOSR 1 will have obvious fiscal implications for local
governments in the region. A comprehensive analysis of public costs that
could be associated with the hypothetical cumulative development scenario
presented above is summarized in Tables 5-24 and 5-25 below. Most of the
public costs associated with energy development are due to the increase in
demand for facilities and services by the new population which accompanies
the capital intensive/labor intensive energy facility. The number of
people and the rate of in-migration affects the level of expenditures that
must be made to meet the new demand.

The typical oil shale corridor community in Colorado has existed for
years with a very modest municipal budget, issuing revenue bonds
occasionally to cover costs of upgrading the water and sewer systems, and
avoiding issuing general obligation bonds except, on occasion, to upgrade
school facilities. Access to adequate housing, schools, and recreation
facilities is considered to be a prime factor in attracting a productive,
stable, skilled work force, but the costs of upgrading existing facilities
and providing new facilities and services could be overwhelming when
compared to the current budgets of counties and municipalities in western
Colorado.
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Figure 5-1. Three-County Region




Table 5-14. Three-County Region Regional Energy Impact - Without NOSR

YEAR  TOTAL MALE FEMALE 0-5 6-11 12-14 15-17 60+ 60+ 1-YR OLD DEATHS IN-
POPULATION MALE FEMALE MIGRATIO!
1980 110295, 54811. 55464. 11225 10643 4970 5942 6561 8135 2072. 926. 31R6,.
1981 114657. 5711S. 57542. 11960 11014 5147 5685 6650 852@ 2172. 949. 4691.
1982 120582. 60248. 60334. 12928 11428 5496 5632 6761 8743 2288. 977. 9snAa.
1983 1317291, 66258. 6551313, 14616 121340 6294 5877 69137 9018 2517, 1021. 12472.
1984 145754. 73575. 721813. 16408 14032 7075 6586 7155 9344 2800. 1071. 11291,
1985 158780. 80344. 784136. 18020 15787 7606 7309 73N 9670 3063. 1123, 7201.
1986 167920. 84742. 83179. 19194 17316 7868 8078 7409 9868 3251. 1154. 15n24.
1987 185011. 93965. 91066. 21144 12471 8534 8916 7673 10221 3573. 1215, 6A42.
1988 194209. 98573, 95616. 22117 20882 9020 9215 7825 10497 3717. 1254. 2724.
1989 199377. 101053. 9n324. 22485 21851 9348 9172 7918 10710 3772, 1282, ~619A,
1990 195642. 98466. 97176. 21817 21543 9496 8080 7725 10674 3651. 1z272. -1197.
1991 196582. 28911. 97672. 21547 21562 9847 8883 7788 10798 3584. 1288. 4099.
1992 202916. 102312, 100604. 2172 22088 10474 n14 7957 11021 3611, 13213, 2197.
1993 2142513, 108531, 105722, 22797 23053 11055 i0N0S 82013 11286 37.7. 1373. 902.
1994 217484. 10966 1. 1076213, 22865 23281} 113189 10522 8278 11424 3733, 1395, -3600.
1995 216214. 108895, 107319. 22261 22944 1134 10761 8320 11503 3667. 1405. -5155.
1996 21327e. 107087. 106191. 21491 22414 11141 10698 8321 11527 31543, 1409. =-2413.
o 1997 212954. 106817. 106117, 20996 22111 11052 10747 8432 11639 3478. 1425. -277.
! 1998 214704. 107677. 107026. 20752 21971 11039 10894 8620 11R46 34449, 1452, 65.
EB 1999 216751, 108667. 108084. 20590 21805 <1658 1091 8339 12082 3435, 1481, 31,
2000 218727. 109619. 109108. 20455 21601 11061 11019 907N 12341 3427. 0. 0.
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YEAR

1,80
1981
1982
1983
1984
1985
1986
1€87

Table 5-15.
TOTAL MALE
POPULATION
110295. 54831,
114657. 57115.
120582. 60248.
131791. 66258,
145758. 73575.
158780. 80344.
167920. 84742,
185031. 93965.
194426. 98699,
200823. 101887.
198494. 100087.
205082. 103737,
216314, 109770.
228872, 116424.
2356€3. 119643,
231287. 116€45.
228422, 114866,
22842z1. 114777.
23055¢C. 115804.
232922, 116955.
235181, 118044.

Three-County Region - Impact of Regional Energy Development

FEMALE

55464.
57542.
60334.
65533,
72183.
784136.
83179,
91066.
95727.
98935,
98407.
101345.
106544.
112448.
116020.

with Development at NOSR 1

0-5

11225
11960
12928
14616
16408
18020
19194
21144
22140
22641
22151
22508
23485
24695
25086
24254
234N
22993
22775
22627
22489

6~11

10643
11014
11428
12340
14032
15787
17316
19471
20904
22000
21845
22402
23473
24691
25370
24807
24307
24044
23937
23771
23557

12-14

4970
5147
5496
6294
7075
7606
7868
8534

15-17

60+
FEHMALE
8335
8528
8743

1-YR OLD

2072.
2172.
2288.
2517.
2800.
3063.
3251,
3573.
3721,
3798.
3702.
3747.
3879.
4048.
4133,
4014.
3894.
3827.
3794.
3777.
3764.

DEATHS

926.
949.
977.
1021,
1073.
1123,
1154.
1216.
1255,
1288.
1285.
1320.
1369.
1424.
1459.
1453,
1458.
1477.
1506.
1539.
0.

IN-
MIGRATION
3 .
4691.
9888.
12472.
11291.
7201.
15024.
7059.
3950.
-4808.
4212.
8868.
10105.
4202.
-7026.
-5392,
=-2412,
-191.
104.
34.
0.
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1L-6

TOTAL
POPULATION

339.

365.

488.
1018.
1376.
1934.
2204.
3521.
3460.
3138.
2299.
2280.
2393,
2812.
27135.
2651.
2463.
2432.
2430.
2447.
247S.

MALE

173.
188.
257.
559.
739.
1043.
1170.
1936.
1884.
16R4 .
1182,
1178.
1249.
1494.
1434.
1372.
1257.
1238.
1. 56.
1244.
1257.

Table 5-16.

FEMALE

166.
177.
231.
459.
6137.
891.
1034.
1585.
1576.
1454.
1117,
1102.
1144.
1318.

1301.

1278.
1205.
1194.
1194.
1203.
1218.

Regional Energy Impact - Without NOSR

Parachute, Colorado

IN-
MIGRATION

25.
122,
526.
344.
537.
237.
1278,
-121.
-380.
-891.

-57.

78.
383.

-118.
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!
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n

TOTAL
POPULATION

339.

365.

488.
1018.
1376.
1934.
2204.
3521.
3471.
3218.
2444.
273S.
3063.
3521.
3644.
3337.
3196.
3161.
3178.
3210.
3250.

MALE

173.

188.

257.

559.

739.
1043.
1170.
1936.
1890.
1731.
1267.
1444.
16133.
1884.
1931.
1725.
1634.
1613,
1620.
1635.
1654.

Table 5-17.

FEMALE

166.
177.
231,
459,

Impact of Regional Energy Development

Parachute, Colorado

6-11

12-14

15-17

60+
FEMALE

1-YR

DEATHS

S.
S.

IN-
MIGRATIOM
25.
122,
526.
344.
537.
237.
1278.
-110.
-312.
-827.
251.
285.
412.
1.
-362.
-192.
-3z,
-29.
-12.
-2.
0.
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vL-G

YEAR

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

TOTAL

POPULATION

3215.
3282.
3527.
s818.
9619.
13994.
19118.
23344.
25327.
28055.
26314.
26273.
29196.
35344.
36297.
3439S.
31609.
30755.
31n98.
31530.
31949.

MALE

1584.
1620,
1734.
2983.
4960.
7273.
9934.
12233.
13312,
1475S5.
13538.
13526.
15173.
18660.
18938.
17760.
16128.
15677.
15843,
16052.
16256.

Table 5-18.

FEMALE

1631.
1662.
1793.
2R13S.
4659.
6721.
9184.
1M,
12015.
13299.
12776.
12747.
14023.
16684.
17359.
166134.
154R2.
15077.
15256.
15477.
15693.

0-5

n

324

369

674
1201
1782
2481
3007
3238
3566
3424
3359
3652
4327
4466
4169
3772
3562
3497
3447
3398

Rifle, Colorado

6-11

330

335

361

592
1044
1574
2214
2701
2936
3266
3165
3145
3427
4025
4209
4043
3765
3653
3674
3678
3662

12-1%

139
151
165
290
509
728
992
1170
1263
1408
1391
1419
1560
18018
1917
18613
1747
1697
1710
1742
1778

15-17

185

171

167

275

507

31
1022
1203
1252
1365
1312
1290
1417
1700
1825
1738
1616
1586
1627
1665
1689

60+

MALE
215
214
205
229
268
320
381
440

479.

531
490
508
565
669
689
682
653
673
713
759
803

Regional Energy Impact - Without NOSR

60+

FEMALE
313
314
310
337
390
451
531
592
635
691
673
690
740
828
867
870
856
866
Ine
959
1005

1-YR

OLD

DEATHS

33.
33.
40.
50.
62.
76.
89.
97.
107.
101.
103.
114.
135.
138.
135.
128,
128.
132,
137.
0.

IN-
MIGRATION
42.
219,
2257.
3721.
4212,
4R68.
3e61.
1541.
2262.
-2245.
-516.
2469.
5663.
A1,
-2491,
=-3324.
-1334.
-101.
0.
0.




GL-S

YEAR

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

TOTAL
POPULATION

3215.

3282.

3527.

5818.

9619.
13994.
19118.
23344.
25343.
28180.
26623.
27079.
30725.
37178.
38409.
36505.
33471.
3272s.
33125.
335913.
34048.

MALE

15e4.
1620.
1734.
2983.
4960.
7273.
9934.
12233,
13322,
14826.
13708.
13974.
16002.
19632.
20057.
18849.
17087.
16691.
16885.
17112,
17333.

Table 5-19.
FEMALE 0-5%
1631. 31
1662. 324
17913. 369
28135S. 674
4659. 1201
6721. 1782
9184. 2481
11111, 3007
12022. 3238
13354. 3582
12914. 3464
13105. 3459
14723. 3847
17545. 4567
18352. 4739
17656. 4453
163R4a. 4019
16034. 3818
16241. 3756
16481. 3706
16715. 3656

Rifle, Colorado

6-11

330

335

361

592
1044
1574
2214
2701
2936
3279
3198
3229
3597
4242
4461
4307
4001
3902
3926
3933
3917

12-14

139
151
165
290
509
728
992
1170
1265
1414
1406
1454
1634
1915
2030
1979
1847
1805
1823
1860
1901

15-17

185

17

167

275

507

731
1022
1203
1254
13N
1326
1325
1493
1795
1932
1850
1715
1689
1732
177
1797

Impact of Regional Energy Development

60+
FEMALE
313
314
310
337
390
451
53
592
635
691
679
699
765
856
903
908
888
905
952
1003
1054

1-YR OLD

56.

58.

65.
117.
206.
309.
431.
527.
564.
616.
5R89.
582.
642.
759.
781.
735.
660.
625.
615.
607.
599,

DEATHS

33.
33.
40.
50.
62,
76.
89.
97.
107.
102,
106.
118.
140.
145.
141.
134.
134.
139.
145.
0.

IN-
MIGRATION
42.
219.
2257.
3721.
4212,
4868.
36 1.
1551,
2372.
-2065.
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Table 5-20. Regional Energy Impact - Without NOSR

Battlement Mesa, Colorado

YEAR TOTAL MALE FEMALE 0-5 6-11 ™~ 12-14 15-17 60+ 60+ 1-YR OLD DEATHS It~
POPULATION MALE FEMALE MIGRATIOt!
1980 0. 0. 0. 0 0 0 0 0 0 0. . .
1981 287. 169. 118. 34 24 9 12 2 0 6. 1. 1041.
1982 1333. 771. 562. 163 126 49 55 17 11 28. 4. 1865.
1983 3222. 1852. 1370. 393 3oa 124 132 41 29 67. 10. 2675.
1984 5953. 3381. 2572. 735 590 246 252 79 59 124. 18. 2256.
1985 8315. 4680. 3635. 1030 851 361 353 118 96 173. 25. -2007.
1986 6457. 3443. 3014. 859 744 324 315 89 87 144. 19. 7497.
1987 14079. 7611. 6469. 1833 1594 676 701 181 182 310. 40. 2379.
1988 16735. 8921. 7813. 2207 1955 842 844 223 239 376. 48. -876.
1989 16191. 8533. 7658. 2134 1952 839 801 229 250 367. 48. -2651.
1990 13856. 7167. 6690. 1842 1736 74S 684 205 238 314. 42. -375.
1991 13748. 7101, 6646. 1790 1733 740 682 219 252 300. 43. 517.
1992 14518. 7506. 7011. 1851 1814 795 731 246 282 308. 47. 1133.
1993 15908. 8248. 7660. 1992 1951 [:I:L:] 810 281 318 329. 53. -38.
1994 16143. 8342. 7800. 1983 1970 923 824 300 343 326. 55. -486.
1995 15922. 8204. 7719. 1905 1927 927 826 315 359 313. 57. -648,
1996 15525. 7974. 7551. 1807 1865 905 831 322 370 296. 57. -6136.
%ﬂ 1997 15122. 7732. 7390. 1717 1798 884 830 N 380 280. s8. -70.
] 1998 15269. 7801. 7469. 16A3 1788 880 854 353 403 274. 61. 0.
~ 1999 15480. 7902. 7578. 1659 1783 882 867 373 428 272. 64. 0.

2000 15687. 8co1. 7686. 1637 1768 887 878 396 451 270. 0. 0.




Table 5-21. Impact of Regional Energy Development

Battlement Mesa, Colorado

YEAR - TOTAL MALE FEMALE 0-5 6-11 12-14 15-17 60+ 60+ 1-YR OLD DEATHS IN-
POPULATION MALE FEMALE MIGRATION
1980 0. 0. 0. 0 0 0 0 0 0 0. 0. 287.
1981 287. 169. 118. 34 24 9 12 2 0 6. 1. 1041.
1982 1333. 7. 562. 163 126 49 5SS 17 1 28. 4. 1865.
1983 3222. 1852. 1370. 393 308 124 132 41 29 67. 10. 2675.
1984 5953. 33en. 2572. 735 590 246 252 ) 79 59 124. 18. 2256.
1985 831S. 4680. 3635. 1030 851 361 353 118 96 173. 25. -2007.
1986 6457. 3443. 3014. 859 744 324 315 89 87 144. 19. 7497.
1987 14079. 7611. 6469. 1833 1524 676 701 181 182 310. 40. 2443.
1988 16799. 8958, 7841. 2214 1962 845 847 223 239 377. 48. -540.
1989 16592. 8762. 7830. 2181 1994 857 818 237 254 37S. 49. =2317.
1990 14599. 7588. 7011. 1928 1815 779 716 218 24¢ 329. 44. 1137.
1991 16015. 8386. 7629. 2060 1967 835 779 254 283 347. 50. 1601.
1992 17908. 9396. 8512. 2269 2171 947 886 296 326 378. 57. 1027.
1993 19323. 10102. 9221. 2426 23133 1059 973 334 370 402. 63. 775.
1994 20434. 1066 1. 9772. 2520 2462 1144 1029 368 412 417. 69. -1620.
1995 19159. 9871. Q28A. 2338 2329 1103 988 362 415 387. 66. -646.
%n 1926 18827. 9674. 9153. 2239 2278 1083 999 378 430 3es8. 68. ~649.
~ 1997 18572. 9506. 9066 . 2155 2232 1070 1011 392 448 353. 69. -63.
[0 0) 1998 18788. 9609. 9179. 2122 2229 1072 1036 417 479 347. 73. 0.
1999 19058. 9739. 9319. 2095 2225 1085 1050 444 506 343. 76. 0.

2000 19322. 9865. 9457. 2065 2210 1102 1063 4an 539 340. 0. 0.
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08-§

YEAR

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

TOTAL.
POPULATION
21356.
2372.
2740.
3732.
5254.
6953.
8644.
9376.
11163.
12157.
12732,
12897.
13416.
13732,
14049,
14284.
14495,
14918.
15187.
15453,
15662.

MALE

1153,
1161,
1362.
1904.
2690.
3604.
4527.
4885.
5752.
6232.
6513.
6579.
6843.
7001.
7159.
7276.
7378.
7591.
7725.
7856.
7957.

FEMALE

1202.
1211,
1378.
18218,
2565.
3349.
4117.
4492.
5410.
5925.
6219.
6318.
6573.
6731.
6890.
7009.
7116.
7326,
7462.
7597.
7704.

Table 5-22.

0-5

227

227

277

403

619

841
1056
1159
1424
1561
1627
1632
1677
1688
1697
1688
1670
1677
1664
1652
1632

Meeker, Colorado

6-11
254

1040
1292
1429
1510
1539
1603
1634
1657
1671
1683
1719
1732
1739
1736

12-14

121

859

15-17

126
122
143
189
270
360
424
472
587
641
656
645
676
692
716
727
750
789
815
830
8137

60+
MALE
141
140
143
154
172
195
221
234
246
258
270
278
293
o8
324
339
358
375
395
415
434

Regional Energy Impact - Without NOSR

60+
FEMALE
209
208
215
225
247
271
297
312
337
358
375
ki:¥)
408
423
438

472
491
512
532
554

1-YR OLD

39.

40.

48.

70.
107.
147.
184,
202.
245.
269.
280.
279.
284,
283.
282.
278.
274.
274.
272.
271.
269.

DEATHS

23.
24.
27.
3.
36.
41,
44.
48.
51.
S53.
54.
57.
59.
61,
63.
66.
69.
71.
4.

0.

IN-
MIGRATION
0.
350.
967.
1478.
1612,
1578.
586.
1627.
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YEAR

1980
1991
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

TOTAL
POPULATION
2356.
2372.
2740.
3732.
5254.
6953.
8644.
9376.
11251,
12733.
13816.
16245.
18449.
19197.
21043.
19796.
20352.
20732.
21143.
21555.
21879.

MALE

1153.
1161.
1362.
1904.
2690.
3604.
4527.
4885.
5805.
6574.
7147.
8533.
9717.
10004.
10978,

10118,

10397.
10585.
10789.
10992,
11150.

Table 5-23.

FEMALE

1202,
1211,
1378.
1828.
2565.
3349.
4117.
4492,
5446.
6160.
6670.
7712,
8732.
9194.
10065.
9678.
9955.
10147.
10354.
10563.
10728.

Impact of Regional Energy Development

0-5

227

227

277

403

619

841
1056
1159
1430
1621
1747
2018
2283
2391
2588
2466
2481
2468
2460
2449
2425

Meeker, Colorado

6-11

254
260
282
397
572
753
9319
1040
1301
1483
1614
1851
2098
2222
2435
2355
2426
2470
2507
2526
2525

12-14

121
113
141
178
276
357
443
480
576
661
716
816
926
1002
114
1086
1114
1130
1154
1189
1222

15-17

126
122
143
189
270
3é6n
424
472
590
665
702
777
889
9249
1039
1009
1042
1073
1105
1125
1139

60+

MALE
141
140
143
154
172
195
221
234
249
273
294
334
376
387
426
399

455
482
SN
540

60+
FEMALE
209
208
215
225
247
2N
297
312
33e
n
394
431
470
492
538
526
556
581
614
644
676

1-YR OLD

39,

ac.

48.

70.
107.
147.
184.
202.
246.
280.
301.
346.
3gs.
a01.
433,
412,
413.
a10.
407.
an4.
400.

DEATHS

23.
23.
24.
27.
31.
3e6.
41.
44.
48.
53.
57.
65.
73.
75.
82.
78.
82.
85.
89.
92.

IN-
MIGPATIO:
0

350

967.
1478.
1612,
1578.
586.
1716.
1280.
855.
2186.
1926.
438.
1523.
-1595.
227.
53.
92.
99,
17.
0.




Table 5-24. Local Government Capital and Operating Costs Estimates
(Cities and Counties Combined, 1980 Dollars, per 1,000 residents)

Elements

Sewer  treatment
collection

Water supply
storage
treatment
distribution

Schools

Libraries

Adninistration

Parks and Recreation

Hospitals

Ambulance Service

Health, Mental Health, Social Services

Solid Waste

Public Safety

Detention Facilities

Fire Protection (Vol.)
(Paid)

Shop and Maintenance

Street and Roads Municipal
County

Assisted Housing

Storm Drainage

TOTAL (with paid fire dept.)
TOTAL (with vol. fire dept.)

Capital

$ 200,000
800,000

300,000
150,000
100,000
700,000
2,400,000
70,000
50,000
430,000
200,000
20,000
165,000
10,000
35,000
54,000

(70,000)
(70,000)

60,000

2,000,000
1,000,000

2,040,000

400,000

$11,349,000

11,349,000

Operations

$ 25,000

60,000

420,000
6,000
100,000
20,000
N/A
10,000
260,000
27,000
80,000
11,000

(4,500)
(41,000)

N/A

50,000
50,000

N/A

10,000

$1,075,000
1,038,000
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Table 5-25. projection of Public Costs Associated with Population Increases
with and without 100,000-BPD NOSR Development for the Period 1981-2000

Total

Public Costs (X $1000) Increment
For Net Population Increase Caplital Operating Due to NOSR
Years Without NOSR With NOSR Without NOSR  With NOSR  Increment Without NOSR  With NOSR  iIncrement Deve lopment
1981-1985 48,485 48,485 550,256 550,256 - 129,100 129,100 - -
1986-1990 36,862 39,714 418,347 450,714 32,267 420,007 424,861 4,854 37,221
1991-1995 20,572 32,793 233,472 372,168 138,696 533,172 608,174 75,002 213,698
1996-2000 2,513 3,894 28,520 44,193 15,673 564,309 649,325 85,016 100,689

Assumptions:

e Capital Expenditures = $11,349,000/1000 new residents

® Operating Expenditures = $2,075/resldent/year

e Expenditure is made in year cost is incurred.

No bonding; no debt service

® Population associated with first NOSR facility arrives in 1987; second in 1989




The previous summary of public costs is based on standards prepared by
Colorado's Division of Impact Assistance, historical information from local
budgets, cost comparisons on recently completed projects, and review by
appropriate state, regional and local agencies. These cost estimates
assume that existing facilities and services are operating at their capac-
ity and all costs will be incurred in providing services for the influx of
each 1,000 new residents.

Nearly all portraits of revenues and costs related to oil shale
development show a revenue shortfall for the first 10 to 12 years followed
by a steady surplus of revenue over the 1ife of the project. Recent exam-
inations of public cost and revenue effects of energy development in
Colorado confirm that public revenues may not be available in the early
years of energy development when public capital costs for facilities and
services are high. Moreover, jurisdictions which in the long term receive
net revenue surp1uses may not be the same as the ones which incurred the
costs for energy-related growth. Finally, muncipalities, because of their
high public service responsibilities and minimal access to property tax
revenue, are more vulnerable to deficits than counties. These jurisdic-
tional problems point to the need for developing creative public-private
finance mechanisms and innovative impact mitigation programs. These issues
are central to the NOSR Development Policy Program and the following
analysis of public revenues in the NOSR region points to the feasibility of
implementing a 100,000 BPD development option at NOSR 1 if provisions for
front-end financing are realized.

Table 5-26 shows. a projection of public revenues associated with
facilities and related population increases with and without NOSR develop-
ment at an assumed production capacity of 100,000 BPD.

The revenue projections shown in Table 5-26 comprise the following:

State Revenues

o Corporate income taxes payable by the project facility operators

0 Individual income taxes payable by employees of project facilities
(construction and operations) and induced work forces

0 Severance taxes payable by mineral projects

0 Public royalty payments, where applicable
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Table 5-26. Projection of Public Revenues Associated with Project Facilities
and Impact Population Increases with and without 100,000-BPD NOSR
Development for the Period 1981 - 2000 (1980 Dollars, $000)

State Revenues Local Revenues Total Revenues
For
Years Without NOSR With NOSR | ncrement Without NOSR With NOSR | ncrement Without NOSR With NOSR | ncrement
1981 -1985 176,157 176,157 0 198,452 198,452 0 374,609 374,609 0
1986-1990 546,692 551,906 5,214 652,647 655,491 2,844 1,199, 339 1,207,397 8,058
1991 -1995 712,589 795,618 83,029 794,71 888, 399 93,628 1,507, 360 1,684,017 176,657
1996-2000 732,678 904,424 171,746 810,500 971,570 161,070 1,543,178 1,875,994 332,816




The previous summary of public costs is based on standards prepared by
Colorado's Division of Impact Assistance, historical information from local
budgets, cost comparisons on recently completed projects, and review by
appropriate state, regional and local agencies. These cost estimates
assume that existing facilities and services are operating at their capac-
ity and all costs will be incurred in providing services for the influx of
each 1,000 new residents.

Nearly all portraits of revenues and costs related to oil shale
development show a revenue shortfall for the first 10 to 12 years followed
by a steady surplus of revenue over the 1life of the project. Recent exam-
inations of public cost and revenue effects of energy development in
Colorado confirm that public revenues may not be available in the early
years of energy development when public capital costs for facilities and
services are high. Moreover, jurisdictions which in the long term receive
net revenue surpluses may not be the same as the ones which incurred the
costs for energy-related growth. Finally, muncipalities, because of their
high public service responsibilities and minimal access to property tax
revenue, are more vulnerable to deficits than counties. These jurisdic-
tional problems point to the need for developing creative public-private
finance mechanisms and innovative impact mitigation programs. These issues
are central to the NOSR Development Policy Program and the following
analysis of public revenues in the NOSR region points to the feasibility of
implementing a 100,000 BPD development option at NOSR 1 if provisions for
front-end financing are realized.

Table 5-26 shows a projection of public revenues associated with
facilities and related population increases with and without NOSR develop-
ment at an assumed production capacity of 100,000 BPD.

The revenue projections shown in Table 5-26 comprise the following:

State Revenues

o Corporate income taxes payable by the project facility operators

0 Individual income taxes payable by employees of project facilities
(construction and operations) and induced work forces

0 Severance taxes payable by mineral projects

o Public royalty payments, where applicable
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Table 5-27. Net Local Revenues (Costs) in Impact Region with and without
100,000-BPD NOSR Development for the Period 1981-2000 (1980 Dollars, $000)

For Local Costs Local Revenues Net Local Revenues (Costs)
Years Without NOSR  With NOSR Without NOSR  With NOSR Without NOSR With NOSR
1981-1985 679,356 679, 356 198, 452 198,452 (480,904) (480,904)
1986-1990 838, 354 875,575 652,647 655, 491 (185,707) (220,084)
1991-1995 766,644 980, 342 794,71 888,399 28,127 (91,943)
1996-2000 592, 829 693,518 810,550 971,570 217,721 278,052




0 Sales and use taxes payable by projects and individuals

0 Miscellaneous revenues (e.g., alcohol beverage, motor fuel, and
cigarette taxes)

Local Revenues

0 Ad valorem property taxes on industrial, commercial, and

residential property payable by projects, other businesses, and
individuals to counties, towns, school districts, and special
districts

o Sales and use taxes payable by individuals to counties and towns,
where applicable

0 Miscellaneous revenues (fees, fines, other charges)

Table 5-27 shows projections of the net fiscal effect on local
communities in the NOSR region of project activity, both with and without
NOSR development. It should be noted, however, that these projections
illustrate only local revenues versus local costs and that no intergovern-
mental transfers are portrayed, and to this extent the projections tend to
overstate the local deficits occurring in the early years of all projects.

5.3 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS

If developed, each technology alternative would have certain adverse
and unavoidable environmental impacts. Measures are available to mitigate
the adverse effects of each alternative and are identified in Section 5.1.
Much of the data presented in Section 5.1 represent the emissions which can
be expected after available control measures have been taken. This section
identifies those adverse environmental effects which would result from
implementation of alternatives after available control technologies and
other mitigative measures have been applied.

As discussed in Section 3, emissions must be related to existing
conditions in order to determine environmental impact. This has been done
only in a general way, as in the case of air quality in which modeling of
each reference case has not been performed. However, general impacts have

been identified for each alternative to permit comparison, and are pre-
sented and compared below, based on information currently available.

The unavoidable adverse environmental effects of the reference cases
for NOSR 1 development and oil shale development on other lands are very
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similar. Each case would result in some degradation of air quality after
controls have been applied. Air pollution should not affect the local
ecology significantly but will affect visibility and may alter scenic
values. Water quality should not be adversely affected, although signif-
icant harm could result if spills occur. Decreased water availability may
have adverse effects on flora and fauna, and water use may adversely affect
the hydrology of the area. Hydrologic effects would be highly significant
because water is in short supply in this region. Large areas will be
required for disposal of solid wastes. The effectiveness of spent shale
reclamation is uncertain. Spent shale will alter the topography and change
habitats, thus affecting the occurrence and distribution of some plants and
animals. Increased human activity and changes in habitats will affect
animal communities and may decrease populations through increased compe-
tition. High temperature operations and flammable 1liquids will pose safety
hazards. Contact with hydrocarbons and polycyclic organic matter may have
adverse health effects, including carcinogenesis. Shale oil appears to
pose a greater risk than conventional petroleum products but a lesser
hazard than coal 1iquids. Results are uncertain at this time but further
study is in progress. 0il shale development will have significant
socioeconomic impacts due to the rural nature of the area to be developed.
Significant population increases will place demands on communities to
provide goods and services. Colony has planned community development and
will provide tax revenues. The seriousness of the impact of NOSR 1 devel-
opment will depend on which policy options are chosen and on the adequacy
of Federal Impact Assistance or payment in lieu of taxes to help communi-
ties cope with increased demands for services. If NOSR is leased, it
should generate sufficient revenues to cover costs.

No adverse effects will result from the reference cases for increased
conservation. This alternative should reduce air pollutant emissions from
the transportation sector and result in an improvement in ambient air
quality. This alternative may affect the service station industry through
a small decrease in gasoline pumped, but no socioeconomic analysis has been
attempted.

Air quality may be degraded by combustion of crude oil for steam
generation for EOR. This is the most significant adverse environmental
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effect of recovery of heavy oils by steam injection in Kern County,
California. Air quality considerations may in fact restrict the level of
EOR production in Kern County. There is also a possibility that water
quality would be degraded by spills and by leakage of produced 0il or brine
into other formations through faulty casings. Large areas of land will be
required for EOR, the productivity of which may be reduced by EOR activi-
ties. Workers will be exposed to safety hazards related to high tempera-
ture and pressure operations. Contact with crude oil may also have adverse
health effects. Socioeconomic effects of EOR should be minor.

OCS operations will degrade local air and water quality through
routine operations but the impact of this is not expected to be serious.
Marine productivity is actually expected to be increased in the vicinity of
platforms because the platforms serve as artificial reefs. Disposal of
drilling muds and cuttings and disturbance of bottom sediments during the
laying of pipelines will affect benthic organisms. The most serious
adverse effects will occur if there is a large o0il spill. Measures may be
taken to lessen the 1ikelihood of spills occurring but they are not
completely avoidable. If a large spill occurs it will degrade water
quality and possibly air quality as well. Volatile fractions of the crude
will have toxic effects on organisms shortly after the spill and residues
may make habitats unfit for several years. If spilled o0il reaches coastal
estuaries, a very productive biological community would be disrupted. OCS
operations pose safety hazards to workers due to the possibilities of
fires, explosions and blowouts on an offshore platform. Exposure to crude
0i1 may also have adverse health effects. OCS development will take place
in a developed area and should not have significant socioeconomic effects.

Coal liquefaction will degrade air and water quality. Standards for
particulates, 502’ and photochemical oxidants are already exceeded in the
general area. Air quality could be further degraded by plant emissions.
Sul fur dioxide emissions will combine with atmospheric water vapor to
produce acid rain which will further aggravate high acidity in surface
waters. Water quality will be adversely affected by acid mine drainage
and, if they occur, by product spills. A significant area of land will be
required for solid waste disposal, though not as large an area as is
required for o0il shale. Long-term health effects are of concern due to the
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carcinogenic potency of some constituents of liquefaction products.
Preliminary data seem to indicate that coal 1liquids pose a greater chronic
health hazard than shale 0il or petroleum (see Section 5.1.6). Carcinogens
are contained in some high boiling products and may also be released in
small quantities as air pollutants. High temperature and pressure oper-
ations also pose safety hazards. Underground mining may cause ground
subsidence and also disrupt aquifers. Coal liquefaction is the most labor-
intensive alternative and would create a very large demand for increased
goods and services. 'Project-generated revenues should not offset the
public service costs and social impact of this alternative.

Production of ethanol from grain may cause minor degradation of air
quality after controls have been applied. Most air emissions from ethanol
production come from the combustion of coal to supply process heat and
distill the product. Central I11inois is nonattainment for TSP and hydro-
carbons (oxidants), and parts of the region are nonattainment for SOZ.
These are the primary pollutants from ethanol production and may have
adverse effects. The most significant water quality effects will be caused
by agricultural runoff from the 5,000 square miles of land used to grow
corn required by the 50,000 BPD case. Good management practices can reduce
this impact but not avoid it. Ethanol production does not pose serious
health or safety hazards. Public service costs will exceed revenues from
ethanol production, producing an adverse socioeconomic impact.

5.4 RELATIONSHIP BETWEEN SHORT-TERM USES OF THE ENVIRONMENT AND THE

MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

Short-term recovery of shale o0il on NOSR 1 or the Colony site may
adversely affect the long-term productivity of significant areas of land
required for disposal of spent shale. If canyons are used for shale
disposal, their filling will eliminate certain habitats, thus decreasing
biological productivity and changing plant and animal occurrence and dis-
tribution. The effectiveness of spent shale revegetation is not well
established. If groundwater is contaminated by leachates from spent shale,
this will also reduce long-term productivity in an area of water scarcity.
Chronic health effects would decrease human productivity. The NOSR 1
appears to be more biologically productive than the Colony site, and
effects will therefore be more pronounced.
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If increased conservation were practiced in place of developing other
al ternative energy sources, the short-term curtailment of resource use
would extend the long-term availability of energy resources.

Enhanced 0il recovery increases the amount of 0il recoverable from an
0il field. EOR may 1imit the productivity of the surface for uses such as
farming by close placement of abandoned wells and soil contamination
resulting from spills.

A large o0il spill during OCS operations could lower marine produc-
tivity for several years by contaminating habitats with o0il residues. If a
spill were to reach estuarine areas their productivity might be lowered.
0i1 may kill young fish and affect future populations for several years.

If a spill affected marine mammal populations, effects could last for many
years because the populations are low. However, OCS production also will
increase productivity in the vicinity of platforms by creating artificial
reefs which serve as habitats for many species. This effect would last as
long as the platforms were in place.

Acid mine drainage associated with coal mining for liquefaction will
reduce the long-term productivity of surface waters due to reduced water
quality and decreased biological productivity. Disposal of large volumes
of waste may affect productive uses of land and may indirectly degrade
water quality through leaching. If chronic health effects occur due to
production and use of liquid fuels from coal, long-term human productivity
would be adversely affected.

Increased use of agricultural land for corn production to produce
ethanol could reduce long-term agricultural productivity by removing plant
nutrients and trace elements from the soil. This effect can be mitigated
by using good management practices and applying fertilizers.

One .final consideration concerning the relationship between short-term
use and long-term productivity is the effect fossil fuel-derived carbon
dioxide (COZ) will have on global climate. This is currently the subject
of much scientific research and debate. Levels of atmospheric CO2 are
rising, and although the interrelationships are not clear, this appears to
be related to increased combustion of fossil fuels and other activities
such as increased clearing of land. Atmospheric CO2 helps to regulate the
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earth's temperature. Scientists believe that a doubling of atmospheric C02
could increase surface temperatures an average of 2-3°C with effects accen-

tuated in polar regions.12

If this were to occur, significant climatic
changes would follow. Although specific effects are difficult to predict,
the results would probably dramatically decrease long-term productivity.
Polar ice would melt, raising sea level and flooding Tow-1ying areas.
Climates suitable for agriculture would 1ikely shift northward into areas
having generally poor soils, thus affecting food production. These

effects, though uncertain, warrant serious consideration.

Combustion of 50,000 to 200,000 BPD of any carbon based fuel is a very
small increment of total fuel use and would contribute minimally to changes
in atmospheric CO2 concentrations. The cumulative effects of global fuel
consumption, rather than incremental changes, will determine the C02 bal-
ance. Nevertheless, it is advisable to compare the relative production of
CO2 by the technology alternatives. Synthetic fuels generally release more
CO2 per unit energy than other fossil fuels such as natural gas because
more energy is expended in producing a usable fuel. Production of CO2
roughly correlates with thermal efficiency. Coal liquids produce the most
CO2 per unit energy. Shale 0il also releases relatively large amounts of
COZ' Larger amounts than expected may be produced by direct-fired retort-
ing because high temperatures may cause the carbonate in the shale to break
down and release COZ' 0i1 produced from EOR will release significantly
more CO2 than o0i1 from OCS production because more energy is consumed to
produce the o0il. Biomass is a renewable energy source. This means that
CO2 released during ethanol production and combustion will be equal to CO2
absorbed by corn grown to produce ethanol. However, a significant amount
of fuel will be used to harvest the corn, and coal will be burned to dis-
till the product. Conservation will result in direct reductions of CO2
release to the atmosphere. Development of one alternative energy source in

place of another will have an incremental effect on the atmospheric 002
balance. The significance of the effects will depend upon the relative
contribution the fuel makes to global energy consumption and the amount of
CO2 it releases per unit of energy.




5.5 [IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

0i1 shale development on either NOSR 1 or the Dow West site (Colony)
will constitute an irreversible and irretrievable commitment of high grade
0il shale deposits. Development also will entail a commitment of substan-
tial water and air resources for the life of the projects. The clean air
increment used by either of these projects would not be available to other
industries while the projects are operational. Land required for spent
shale disposal also will be irreversibly and irretrievably committed to oil
shale development. Surface uses such as grazing and hunting will not be
possible in the immediate vicinity of the facility. Activities such as
exploration for oil and gas will not be precluded by oil shale development.

Increased conservation will reduce irreversible and irretrievable
commitments of resources by postponing their use.

The o0il produced and consumed by EOR would be irreversibly and
irretrievably committed. Water resources also would be committed to EOR
during the project operation. Clean air increments may be used up by EOR
in Kern County during operation and would be unavailable for other uses
until the project ended.

0i1 recovered through OCS production would be unavailable to future
generations.

Coal liquefaction will require commitments of coal and water. Land
areas also would be required for solid waste disposal. Air quality incre-
ments would be committed during project operation.

Biomass conversion requires commitments of water and corn. Other
commitments, including land for corn production, are reversible after
project operation ends. The corn used as a feedstock is a renewable
resource. That corn, of course, would not be available as food. However,
the byproduct, distiller's dark grain, is usable as an animal feed
supplement.

The energy alternatives requiring large facilities--coal liquefaction,
0il shale and biomass/alcohol--will divert both capital and manpower from
other development and activities, including the possible diversion of
agricultural labor to oil shale jobs.
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5.6 COORDINATION WITH FEDERAL, REGIONAL, STATE AND LOCAL LAND USE PLANS,

POLICIES AND CONTROLS

Specific coordination with l1and use plans, policies and controls are
not addressed because of the hypothetical or tentative nature of the
reference cases. Any actual proposals for development must be coordinated
with federal, state and local governments and must meet all applicable
governmental standards and reguirements. Other requirements for
coordination will be addressed in a future site- and process-specific EIS.

No federal permits, licenses, or other entitlements are necessary to
make the policy decision addressed by this EIS. Before actual development
of NOSR 1 o0il1 shale reserves may begin, Congressional approval of produc-
tion would be obtained, as well as a number of federal and state permits.
Federal and state permits also would be required prior to development of
the other technology alternatives. The specific permits which would be
required are not detailed in this EIS due to the general nature of the
decision addressed by it and the fact that permit requirements will differ
in different areas for various alternatives.

5.7 OTHER FACTORS

5.7.1 Energy Requirements and Conservation Potentials

The energy requirements of the technology alternatives are represented
by process thermal efficiency in the technology configufations in Appendix
B. This information is compared for the various alternatives in Section
3.8. Increased conservation will result in energy resource
savings. Conservation potentials of the other alternatives have not been
analyzed in this document.

5.7.2 Historic and Cultural Resources, Urban Quality, and the Design of
the Built Environment

Historic and cultural resources, urban quality, and the design of the
built environment have not been considered in this document. These con-
cerns are site-specific in nature and will be considered in a site-specific
EIS for NOSR 1 development. Generally, energy development will occur in
rural locations rather than urban areas and should not adversely affect
urban quality. Site-specific historic and cultural resources will be
identified for NOSR 1 for consideration in a future site-specific EIS.
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6. PREPARERS

This document was prepared under the supervision of Mr. Donald
Silawsky of the Office of Naval Petroleum and 0il1 Shale Reserves, DOE, by
TRW Energy Department Group, MclLean, Virginia, under its Management Support
and Systems Engineering Contract No. DE-AC01-78RA32012. Notes on Mr.
Silawsky and on the principal TRW contributors for particular areas follow
below.

Summary, Purpose D. Silawsky
H. I. Leon
D. D. Evans
Alternatives-Technology D. D. Evans
L. L. Meyer
Affected Environment P. D. Junkin
L. L. Meyer
J. Dadiani
Environmental Consequences-Physical L. L. Meyer
P. D. Junkin
J. Dadiani
Environmental Consequences-Socioeconomic R. Robinson
K. J. Guinaw
Financial Analysis W. L. Bowling
F. P. Hayoz
Supervision-Technology D. D. Evans
Supervision-Environmental L. M. Tipton

K. J. Guinaw

Donald Silawsky joined the Office of Naval Petroleum and 0il Shale
Reserves in 1980. As Program Manager for Environmental Affairs, he
oversees all environmental activities for this office. Mr. Silawsky
previously held positions with DOE's NEPA Affairs Division and the U.S.
Environmental Protection Agency, and with the Naval Ship Research &
Development Center. Mr. Silawsky received a B.S. degree in Physics in 1969
and a Masters degree in Engineering in 1971, both from Stevens Institute.
In 1977, he received a Juris Doctor degree from Catholic University, and is
a member of the District of Columbia Bar.
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Herman I. Leon, Project Manager, has 35 years of experience. He
received his Ph.D. in engineering at UCLA in 1955. Since 1975, he has
performed systems analyses and project management functions in a variety of
energy activities, including an electric utility technology assessment,
energy cycle analyses, various technology assessments and priority studies,
and fuel price and availability forecasts. He has been assigned to the
NOSR project since its inception in 1978.

David D. Evans, senior chemist, Deputy Project Manager, has 15 years
of experience, receiving his B.S. in chemistry at George Washington
University. He has worked on energy projects since 1974, performing a wide
variety of program planning and technical studies in various fossil energy
areas, with special emphasis on petroleum and synthetic fuels.

Leslie L. Meyer, environmentalist, has had six years of experience
since receiving his B.S. in biology from the College of William and Mary in
1976. He spent two years with the Smithsonian Institution's Chesapeake Bay
Center for Environmental Studies, performing water, soil, and plant analy-
ses in a study of diffuse sources of pollution. He was responsible for a
soil moisture and temperature measurements project, and for a forest pro-
ductivity investigation. Most recently, he has been conducting environmen-
tal impact assessments of energy technologies and providing environmental
analysis support to energy strategy studies.

Preston D. Junkin is a 1977 graduate of the College of William and
Mary, where he received a B.S. degree in biology. Following graduation, he
worked for Litton Bionetics where he did toxicology research on industrial
wastes, including shale oil production byproducts. Since July 1979 he has
worked on several TRW studies, including impacts of proposed DOE projects
relating to enhanced 0il recovery, methane drainage and oil shale
development.

John Dadiani, senior environmental scientist, has 15 years of
experience. He has a B.S. in biology from Frederick College and an M.S. in
environmental science from Tulane. He is currently the task manager for
the NOSR air quality and meteorology monitoring program, and the baseline
environmental characterization program. He has been involved in other o0il
shale projects as well as minerals mining, underground coal gasification,
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and cogeneration. Work in these areas has included air quality monitoring,
impact assessment, permit support, and regulatory analysis.

Robert F. Robinson, senior economist, has 15 years of experience. He
received his M.A. in economics from the University of New Mexico. He has
been involved continuously in socioeconomic-related activities, and
currently is a vice president at Tosco Foundation in Boulder, Colorado,
responsible for their growth monitoring, forecasting and impact assessment
system. With the:Colorado West Area Council of Governments, he developed a
computer-based model for forecasting economic and population growth. At
Dames and Moore, he performed a variety of studies in engineering economics
and in environmental analysis in environmental and applied earth sciences
projects, including socioeconomic baseline and impact studies for several
water, petroleum, uranium, coal and copper projects in Colorado, and socio-
economic impact comparisons of alternative energy sources for electric
generation. He also was responsible for a variety of activities for the
city and county of Denver, including housing, economic development and
social service programs, and the development of the required legislation.

W. L. Bowling, senior staff engineer, has 35 years of experience. He
received his B.S. in electrical engineering from the University of
Oklahoma. He has had 1ine supervisor responsibility, and performed a
variety of new business venture studies for several firms. Since 1975, he
has done energy planning and analysis in legislation and long-range strat-
egies for fossil energy programs, and managed petroleum market studies.

Frederick P. Hayoz, economic analyst, has 17 years of experience. He
received his M.S. in chemical engineering from Purdue University in 1971.
He has performed extensive economic analysis in a variety of energy fields,
including methane-from-coal technology and ethanol production. He has
hel ped establish economic guidelines for computing synfuels costs and for
consistent comparisons with alternative technologies.

Kevin J. Guinaw, environmental planner, received a B.S. in economics
from St. Peter's College and a masters degree in Urban Planning and Policy
Development from Rutgers University. He has eight years of experience and
is the task manager for the Naval 0il Shale Reserves socioeconomic analysis
with TRW. He has previously performed numerous environmental and socio-
economic studies, including a comparison of the environmental impacts
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generated by major synthetic fuel technologies, preparation of environ-
mental monitoring plans for a proposed oil shale project and an assessment
of local community energy use and alternative supply options.

Lindsay M. Tipton, head of environmental analysis, has 14 years of
experience. She received her B.S. in biochemistry at the University of
New Mexico in 1968, and has worked continuously in environmental activ-
ities, including developing an air pollution laboratory for the New Mexico
Environmental Improvement Agency. With the Colorado Department of Health,
Air Pollution Control Division, she contributed to vehicle pollution
control legislation, directed a technical review of environmental impact
statements, environmental assessments, land use plans and public transpor-
tation facility plans. At FEA, she contributed to the preliminary studies
supporting orders converting power plants from oil and gas to coal. At
TRW, she was the environmental planner for the Denver rapid transit system
project, and has undertaken many environmental impact analyses of coal-
conversion projects. She has contributed to DOE fossil energy program
environmental activity planning, including environmental development plans
for liquefaction and high and lTow Btu gasification projects. She has made
extensive assessments of environmental consequences of energy development

in all major energy technologies for several DOE studies.




APPENDIX A

DESCRIPTION OF THE AFFECTED ENVIRONMENT:
NON-REFERENCE CASE ALTERNATIVES

The specific environments which would be affected by the selected
reference case alternatives are described in the main body of this
document. The following discussion presents a broader description,
encompassing major areas of the nation which could be affected by each
energy alternative. These include the Green River Formation in Colorado,
Utah and Wyoming (0il shale production); various oil producing regions,
both onshore and offshore (EOR and OCS oil production); eastern Utah (tar
sands); the major coal-producing regions (liquefaction); and agricultural/
silvicultural centers (biomass/alcohol).

A.1 LANDS OTHER THAN NOSR 1

0i1 shale development on lands other than NOSR 1 could affect most
other areas overlying the 16,500 square mile Green River Formation, which
includes sections of Utah, Colorado and Wyoming. The thinness of eastern
Devonian black shales makes their near-term exploration unlikely. Most
development of the Green River Formation will concentrate in the Piceance
Basin of Colorado, which contains 85 percent of known high-grade 0il shale
in the region.

Found in marlstone beds, the 0il shales were deposited during the
Tertiary period, during which a vast lake covered most of the area. Sub-
sequent uplifting followed by erosion of the less-resistant sediments left
an area dominated by steep cliffs rising several thousand feet above sea
level. Elevation ranges from 5,000 to 13,000 feet. Seismic activity
is minimal throughout most of the area, increasing slightly in the Utah
portion.

The climate is semiarid to arid, with annual precipitation ranging
from 12 to 24 inches in the Piceance Basin of Colorado, to 7 to 21 inches
in the Green River and Washakie Basins of Wyoming. Water supplies depend
upon major rivers in the area, which include the Colorado, Green, White
and Yampa Rivers. Most streams are intermittent. Almost all surface water
is part of the Upper Colorado River Basin system. Water flow is extremely
variable and subject to salinity problems. Water is largely committed to
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irrigation and stock watering. Groundwater availability varies throughout
the region, and has not been thoroughly studied in most areas. It appears
to be more abundant in Colorado's Piceance Basin, where it is grossly
divided into upper and lower aquifers, split by the Mahogany zone. Ground-
water quality tends to be low throughout the o0il shale region and high in
total dissolved solids and salinity.

Air quality is very good throughout most of the area. Occasional
short-term violations occur as the result of natural dust (total suspended
particulates) and hydrocarbon aerosols (non-methane hydrocarbons). Local
areas in Sweetwater County, Wyaming, and Grand Junction, Colorado, are
designated as non-attainment for TSP. There are 24 mandatory Class I areas
in Colorado, Utah, and Wyoming, two of which are within the oil shale
region.

Regional temperatures range from -9.4F to 72.3F (annual minimum and
maximum), with the number of frost-free days varying from 90 to 190 days/
year, depending on location and altitude. Distribution of the sparse
vegetational cover is determined chiefly by topography and water require-
ments. Sage brush, low shrubs and grasses predominate in the lower
regions, while small trees such as pinon pines and junipers are scattered
throughout. The Piceance Basin is the wintering ground for a major herd of
mule deer. Wild horses are found in the 0il shale region, chiefly in
Wyoming. Four endangered species, the black-footed ferret, the bald eagle,
the American peregrine falcon and the whooping crane (migratory) also live
in the o0il shale region. The human population density is quite low
throughout most of the area, and includes a smail Indian group in Utah.

A.2 ENHANCED OIL RECOVERY

Enhanced 0i1 Recovery (EOR) has the potential to affect all U.S.
inland oil-producing regions, and same offshore sites. This discussion
focuses on five major oil-producing regions: southern California;

Ok lahoma-Texas-Louisiana; the Rocky Mountains; the Midwest, and Appalachia.

California

Large quantities of heavy oil in southern California make this region
a prime area for enhanced oil recovery. Most of the o0il lies in the 12- to
20-mile-wide coastal plan of the Los Angeles Basin, which is covered by

A-2




thick alluvial deposits consisting of sand, silt, clay, and gravel.
Approximately 98 percent of the oil is located in sand or sandstone.

Major faults lie across the Los Angeles Basin in a northwest
direction, and the area has a high seismic risk potential. Extensive 0il
field operations in the area have resulted in ground subsidence of up to 29
feet. However, repressuring efforts have arrested the subsidence and in
some areas have produced a small degree of rebound.

Harbor water quality, once damaged by discharges of oxygen-deficient
0oil well brines, has largely recovered now that these practices are banned.
Man-made islands produce offshore 0il, which is generally brought ashore by
pipes buried beneath the harbor bottoms.

Due to extensive development, major oil-producing areas are largely
devoid of all but domestic animals and extremely tolerant plant species.
Emissions from vehicles and major metropolitan areas have combined with low
wind speeds and temperature inversions to create areas blighted- by frequent
air pollution episodes. Standards for photochemical oxidants, N02 and CO
generally are violated throughout the South Coast Air basin. Several
mandatory Class I areas exist in southern California.

Texas, Louisiana and Oklahoma

A large portion of the nation's o0il originates in the tri-state region
of Texas, Louisiana and Oklahoma, with some production from other nearby
states. Southeast Texas and Louisiana share a number of characteristics,
and are discussed separately from the mid-continental region of West
Texas-0klahoma.

Gulf Coast

The Gulf Coast in Southeast Texas and Louisiana contains series of low
ridges parallel to the coast, flatlands and wetlands. 0il reservoirs may
occur at depths of 22,000 feet. Numerous salt domes are found in the
region, especially in Louisiana. Fault zones running east-west occur in
the Louisiana coastal plain. The Balcones fault borders the Texas coastal
plain.

The Gulf Coast experiences considerably more rainfall than the mid-
continental oil region, with annual averages of 24 to 56 inches in Texas
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and 48 to 64 inches in Louisiana. Tropical storms are not uncommon, and
hurricanes occur on the average of once every four years. Several areas in
Louisiana and Texas have non-attainment status for photochemical oxidants.
Particulates are a problem in some Texas coastal areas. Although the
Mississippi River traverses the region, water quality is poor near indus-
trial and urban centers. Coastal aquifers suffer from intrusion of ocean
water and salt dome contamination. However, groundwater quality is good in
northern Louisiana, and available in numerous aquifers. Extensive
groundwater usage and oil production are blamed for significant subsidence
in the Texas Gulf Coast. Several endangered animal species reside in the
two states.

0i1 production is a major industry in both Texas and Louisiana,
employing 150,000 and 62,000 workers respectively. High unemployment
characterizes the region, particularly Louisiana, where it reaches 10
percent in some parishes (counties).

Mid-Continental Region

The oil producing portion of West Texas and Oklahoma is considerably
drier than the Gulf Coast region, receiving 16 to 20 inches of rain
annually. 0il reservoirs are composed chiefly of sandstone or carbonate.
Geology is particularly complex in Oklahoma, where reservoirs may be
present at several levels in a single field. A number of major faults
occur in the region. Earthquake potential is low, becoming moderate only
in North Central Oklahoma.

Water availability is a serious problem in West Texas and western
Oklahama. Numerous aquifers produce usable water, but are in danger of
depletion. Surface and groundwater quality varies considerably in the
region, with degradation occurring as the result of both man-made (e.g.,
0il wells) and natural (e.g., salt deposits) causes.

Air quality is generally good, although TSP, photochemical oxidants
and carbon monoxide standards are violated in certain urban sections of
Oklahoma. Several mandatory Class I areas are located in the region.

Texas is the nation's largest oil producer, while Oklahoma ranks
fourth. The majority of the land area in both states is devoted to
agriculture, and is chiefly used for grazing.
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Midwest: I1linois

The vast majority of Midwestern oil is located in southern Il1linois,
where it is found mostly in upper Mississippian sandstones and lower
Mississippian limestones and sands. Regional topography consists mostly of
level or rolling plains. Numerous faults occur in the I11inois Basin,
which is considered to have a moderate seismic risk potential. Eighty
percent of the state's land area is devoted to agriculture.

Water is abundant in the region. Major aquifers are found in
unconsolidated glacial drift and alluvial deposits, and in bedrock.
However, certain parts of central and southern I11inois lack sufficient
groundwater for municipal-industrial uses. The southeastern part of
[1Tinois is in the Ohio River Basin, while the rest of the state lies in
the upper Mississippi River Basin. Surface water quality varies consid-
erably, depending on the rate of flow. Runoffs from agriculture and coal
mining contribute to violations of standards, and in some cases have
affected groundwater. The climate in the oil-producing part of the state

is less harsh than the northern part, with an average annual snowfall of 12
inches.

Although air quality in the oil-producing region is considerably
better than in the northern part of the state, several counties in southern
and central Illinois violate standards for TSP and/or photochemical oxi-
dants. No mandatory Class I areas exist in the state. Slightly over 10
percent of the population resides in the southern part of the state, while
83 percent lives in urban areas, predominantly in the north. O0il
production in 1978 employed 5,753 workers. Several endangered bird species
inhabit the state.

Appalachian Region

The main oil-bearing province in the Appalachian region is found in
the 40- to 70-mile wide geosyncline which trends in a SW direction from

Southwestern Pennsylvania to West Virginia. The area is part of the
Appalachian Plateau, and consists of a series of ridges, foothills and
valleys. No major faults occur in the area, and the climate is mild,
tending toward more severe winters in the northern portion. Relatively
high topographic relief has concentrated urban centers, industry and
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agriculture in the flood plains and other low areas. Mining is a leading
industry, producing coal, gas, limestone, sand, gravel, and salt.

Numerous regional non-attainment areas exist for particulates and
photochemical oxidants, with fewer non-attaimment areas for 502. Several
mandatory Class I areas are found in West Virginia. Runoff from coal
mining and agriculture has resulted in water quality degradation in some
areas, where total and fecal coliform, iron, and manganese are found in
high concentrations. The Monongahela River in West Virginia is
particularly affected by mining.

Rocky Mountain Region

0i1 reserves in this region remain largely untapped, even by primary
methods of recovery, but the area is rapidly increasing its role in energy
production. Wyoming is the leading oil producer, o0il being frequently
found in folded anticlinal traps. Thrust faults are found throughout the
region, which is considered as a low to moderate seismic risk. However,
fluid injection in the area has resulted in minor earthquakes.

Regional topography consists of high mountain ranges and steep river
valleys, yielding to plains in the east. Wildlife is abundant, and
includes several endangered species (e.g., the black-footed ferret and the
Northern Rocky Mountain wolf). Yellowstone and Grand Teton National Parks

are located in Wyoming, as well as six national forests.

Overall air quality is excellent, with most areas in attainment,
except for a few industrialized sectors. Several mandatory Class I areas
are located in the région. Surface water originates largely from snowmelt,
though groundwater is the major source in late summer, winter and fall.
Surface water quality is generally good; however, irrigation return and
erosion have led to sedimentation, turbidity and salinity in some areas.
Trace metal concentrations are high in both soil and water. Groundwater is
used chiefly for rural domestic and livestock supplies. Total dissolved
solids average 500 ppm in Wyoming at depths less than 1,000 feet,
increasing to greater than 2,000 ppm in deeper aquifers.

A sparse population of 3.4/square mile (Wyoming, 1970) already has
created problems in areas undergoing rapid energy industry development. At
times, populations grow faster than waste water treatment capacity or other
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vital services. In 1977, 12,000 workers were employed in oil and gas
production. Mineral production is the largest Wyoming industry in tax
dollars generated.

A.3 OUTER CONTINENTAL SHELF (OCS) OIL PRODUCTION

Outer Continental Shelf o0il production is potentially able to affect
marine and coastal environments of the Continental United States and
Alaska. This section gives brief descriptions of potential 0CS oil well
sites (other than the Gulf of Mexico), centering on the region's meteor-
ology and basic oceanography. The OCS is discussed under the following
regional divisions: Atlantic; Pacific; Southern Alaska; Bering Sea, and
Arctic. Regional discussions do not imply the presence of proven reserves
in each region. The Gulf of Mexico is discussed in Section 4.5.

Atlantic Region

The gradual slope of the Atlantic Continental Shelf is broken by 190
canyons. Mass sediment movement may occur at canyon heads or at the upper
slopes as the result of natural underwater or surface phenomena. Migratory sand
waves and strong tidal currents occur in the north Atlantic region. Except
for the northward flow of the Gulf Stream, currents in the Mid- and South
Atlantic are relatively weak and are influenced by spring stream influx or-
winter winds. Complex local eddies are common. The median significant
wave height is four feet in winter and two feet in summer, with waves of 57
feet occurring on an average of once every five years. Storms are most
conmon between November and April. Extratropical cyclones generally occur
between 30 and 40 degrees north latutide, between ‘October and April. In
the south Atlantic, tropical cyclones occur between late May and early
December.

Commercial fishing is extremely important to the area, particularly in
the North (Georges Bank fishery off Cape Cod) and Mid-Atlantic. Other
activities include shipping (USGS shipping lanes have been established for
major ports), recreation, NASA and military testing, and interim dumping.
The coastal wetlands provide spawning grounds for many commercial and
non-commercial fish. Soft substrate benthic habitats predominate the shelf
bottom. The 195-mile coral reef system off the Florida coast is the North
American Continent's only major coral ecosystem. Endangered species in the
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Atlantic region include seven mammal, five turtle and two coastal species.
Two subsea sites are presently protected for historical reasons.

Pacific Region

The Continental Shelf slopes gradually in the northern Pacific,
interrupted only occasionally by undersea canyons. The topography becomes
more complex off southern California, where much of the oil production is
anticipated. Several faults, sang~considered active, cross portions of the
Pacific region. Although waves are generally moderate, occasional tsunamic
waves have caused significant damage along the coast.

The California coastal region represents a transitional area between
subtropical southern waters and the northern temperate zone, resulting in a
diversity of aquatic fauna. Upwelling of subsurface water and nutrients
results in a large phytoplankton bloom in spring or summer (depending on
latitude), followed by sharp increases in zooplankton. Several endangered
animal species inhabit the region, including seven whale (migratory), and
four turtle. The sea otter and several seal and sea lion species are
present. Commercial and sport fishing and shipping are important water
uses. Prevailing summer winds in the region tend to push surface emissions
toward shore, where they may contribute to poor air quality in much of
California.

Southern Alaska Region

The Gulf of Alaska coastal area is one of high relief and glaciation.
The marine environment is subject to severe geologic and meteorologic
influences. Earthquake potential is relatively high, with an accompanying
potential for mass seabed movements and tsunamic waves. Waves and winds
are normally high. Cook Inlet is the site of sporadic mudslides and land-
slides, and contains five volcanos, three of which have erupted in the last
21 years.

Water and air quality are generally good. A large phytoplankton bloom
occurs in the spring. Zooplankton serve as the main food supply for numer-
ous species of fish and some marine mammals. Endangered species in the
area include seven types of whale, three bird species (over 100 bird colo-
nies inhabit the region), four plants and one terrestrial mammal. The Gulf
supports the largest commercial fishery off Alaska. Most of the Gulf is
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ice-free during normal years except for Cook Inlet, which contains loose
pack ice throughout four months of the year. Regional waters are of con-
siderable depth, and numerous deepwater ports line the coast. Many sites
of potential archeological importance are believed to lie along the Alaskan
coast.

Bering Sea Region

The Bering Sea region is considerably colder than the Alaskan Gulf,
covered with ice for half the year, and 60 to 70 percent ice-bound during
the coldest months. Its waters generally are shallower than the Gulf's,
but are 2.3 miles deep in some areas. Shallow faults, unstable bottom
sediments, and subsea permafrost represent potential hazards to oil pro-
duction. Same volcanic activity occurs in the Aleutian chain. Seismic
events tend to be of a lesser magnitude than further south.

Many of the animal species of the Alaskan Gulf are also present in the
Bering Sea, where 25 species of marine mammals are found, along with an
estimated 27 million seabirds.

Major employers in the region include the federal government, the
fishing industry, and service industries.

Arctic Region

The Arctic Region has Tow seismic risk and no volcanic activity. Pack
ice, present throughout the year, creates gouges in the sea floor up to 15
feet deep as it approaches land. Storm waves are tempered by the pack ice,
causing less disturbance than to the south. Beach erosion is significant
in the region.

Air and water quality are pristine in the Arctic. Fewer fish and
marine manmal species inhabit the region, but it remains an important
habitat for many marine animals and seabirds. Commercial fishing is
practical on a smaller scale than in the south. O0il and gas production
represent the largest regional economic activity, concentrating on the
coast at Prudhoe Bay and on the National Petroleum Reserve.

A.4 TAR SANDS

Thirty-nine concentrated deposits (>1 million barrels) of tar sands
have been identified in the United States (Energy Fact Book, USN, p. 196).
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Although concentrated deposits are found in California, Kentucky, New
Mexico and Texas, 90 to 95 percent of the U.S. tar sands resource is con-
fined to Utah. The rugged terrain of the Colorado plateau predominates in
eastern Utah where the tar sands are located. The Utah climate is semi-
arid to arid, with water supplies dependent on such major waterways as the
Colorado, Green and White Rivers. Snowmelt and summer thunderstorms con-
tribute to the supply, but most water enters from outside the state. Much
of the surface water is committed to irrigation and stock watering. Salin-
ity is a perennial problem in the Colorado river system. Erosion is a
problem in the region. Groundwater is not abundant, and generally of poor
quality.

Air quality is good throughout most of the region, but non-attainment
areas for photochemical oxidants, particulates and carbon monoxide are
present in the north-central, and western parts of Utah. Cattle and sheep
ranching make primary demands on land use. Regional population is mostly
sparse and includes a small Indian percentage.

A.5 COAL LIQUEFACTION

The source of the following information on potential coal Tiquefaction
sites is, in large measure, from the Alternative Fuels Demonstration
Program Final EIS (ERDA, 1977), which provides detailed material on the
subject.

This source document describes environments of the five major coal-
producing regions: Appalachia; Eastern Interior; Fort Union; Powder River;
and Four Corners. Each region is capable of supporting several coal-based
synthetic fuel plants with a 30-year supply (790 million tons) of bitumi-
nous coal or its equivalent in subbituminous coal (1,050 million tons) or
lignite (1,500 million tons). The five regions are represented by a wide
diversity of physical, biological and sotioeconomic factors. Coal char-
acteristics differ markedly among regions. The percentages of elemental
sulfur and pyritic sulfur are highest in the bituminous coals of the
Appalachian and Eastern Interior Coal Regions. However, sul fur content of
one percent or less is typical of the Western bituminous coal and lignite.
Heating values of bituminous coals of the Appalachian and Eastern Interior
regions also are higher than those of Western subbituminous coal and
lignite. Additionally, the moisture content of the Appalachian coal is
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considerably less than those of the other regional coals. Western coals
generally have higher moisture content than both Appalachian and Eastern
Interior bituminous coals.

Coal Regions

Appalachian Region

The Appalachian Coal Region extends about 800 miles from northern
Pennsylvania to western Alabama in a mountainous topography and includes
portions of Pennsylvania, Maryland, Virginia, West Virginia, Ohio,
Tennessee, Kentucky and Alabama. The region is defined by the Appalachian
Mountains, which rise from a relatively low level of plains, valleys, and
plateaus, with few peaks reaching as high as 5,000 feet. Climate is rela-
tively humid, with high precipitation that ranges from 40 to 50 inches a
year. A wide variety of crops flourish without irrigation. Surface water
supplies are abundant and, for the most part, readily accessible. However,
industrial and municipal water pollution and contamination from mine drain-
age are especially severe. Air quality varies -considerably throughout the
region with non-attainment areas for photochemical oxidants widespread in
Pennsylvania and occurring in other regional areas. Particulates create
problems in scattered Appalachian areas.

The Appalachian Region contains many deciduous forests, with a wide
range of hardwood and coniferous trees, shrubs, grasses and crops. While
there is a variety of wildlife, many big game species of the western
regions are lacking, and in Appalachia's southern oak-hickory forests,
animal populations tend to be low. Among land uses, cropland, pasture, and
forestry predominate. "Relative remoteness from Eastern metropolitan cen-
ters and the low productivity of small agricultural holdings can make it
difficult to earn a livelihood. Much of the population is economically
dependent, directly or indirectly, on coal.

Eastern Interior Region

The Eastern Interior Region is characterized by flat topography with
same gentle relief. The region includes southern portions of I11inois and
Indiana and northwestern Kentucky. Like the Appalachian Region, it exper-
iences hot, humid summers and cold, humid winters. Water supplies are
abundant. Air quality is variable. Non-attainment areas for photochemical
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oxidants and particulates surround urban areas. The region be]qngs to the
northern temperate portion of the grassland biome. Important types of
vegetation include tall grass prairie and oak-hickory forest. As in the
Appalachian Region, pressures of human habitation have eliminated the
larger animals of the West and reduced the population of mammalian species.
Primary land uses for the Eastern Interior coal region include agriculture,
manufacturing (particularly machinery), and mining.

The Eastern Interior has a flourishing economy, with relatively low
unemployment, generally adequate housing, and a relatively high median
level of education. In addition, it is well serviced by utility and
transportation lines.

Fort Unijon Region

The Fort Union Region in northeastern Montana, western North Dakota,
and northwestern South Dakota 1ies in the Missouri Plateau of the Great-
Plains Province. Adjacent to the Missouri River, drainage is well estab-
lished over a broad expanse of gently rolling and terraced topography. It
is characterized by climatic extremes, with a precipitation rage inter-
mediate between that of the humid east and the arid Four Corners Region.
Water use draws heavily upon major rivers, such as the Missouri,
Yellowstone, and Little Missouri and their tributaries. Air quality is
good.

The region contains grasslands, with isolated coniferous -forests.
Grazing and crop cultivation rely heavily on irrigation. Deer and other
big game animals abound, as well as waterfowl from the central flyway which
traverses the region. Primary land use is for agricultural and grazing
purposes.

The Fort Union Region is sparsely populated, with only a relatively
small available labor force. It has a significant Indian population,
principally on the Fort Peck Reservation in Montana and the Fort Berthold
Reservation in North Dakota. The population reflects agricultural tradi-
tions, with little urbanization or industrialization. Heavily dependent on
agriculture, the economy is stable, supporting adequate living standards.




Powder River Region

The Powder River Region of southeastern Montana and northeastern
Wyoming greatly resembles the adjoining Fort Union Region. It also belongs
to the Great Plains physiographic province and is part of a broad synclinal
basin between the Black Hills on the east and other mountains to the south
and west. Biologic characteristics of the region differ from those of the
Fort Union Region.

Like the Fort Union Region, the Powder River Region depends on
agriculture, drawing heavily on irrigation by such major rivers as the
Yellowstone and its tributaries, the Belle Fourche, and the Bighorn.
Ambient air quality standards for oxidants and particulates are violated in
several areas. Pasture and rangeland account for the largest land use. It
is a land of frontier and pioneer traditions and a sparse population.

There is a sizeable Indian population represented by the Crow and Northern
Cheyenne Indian Reservations.

Four Corners Region

The Four Corners Region, comprising parts of Colorado, Utah, Arizona,
and New Mexico has an arid climate of cold winters and hot summers, with
very low precipitation (8 to 12 inches per year). Physiographically, the
Four Corners Region is characterized mainly by plateaus dissected by can-
yons, stony relief, occasional ranges and desert plains. Water is limited,
with heavy irrigational and industrial demands placed on surface water
supplies, mostly from the San Juan and Little Colorado tributaries of the
Colorado River. Air quality is variable, with non-attainment areas for
carbon monoxide in northwestern New Mexico. Mandatory Class I areas occur
in the vicinity of the Four Corners region. Biologically, it is an area of
basic sagebrush, with grasslands and pinon-juniper woodlands. Both big
game and small game mammals and birds are found.

As some other Western regions, the Four Corners Region is sparsely
populated. Much of it is economically depressed, particularly those
counties with high Indian populations. The Navajo, many of whom occupy
reservation land in this region, constitute the largest Indian tribe in the
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United States. Land use runs heavily to grazing, with some cropland that
generally requires irrigation. Logging and mineral extraction contribute
to the regional economy.

Like other Western coal regions, the Four Corners Region is widely
used for hunting and other recreational activities and for touring those
historical and cultural sites associated with settlement of the West and
with Indian history. Spectacular scenery and geologic marvels, such as the
Grand Canyon, characterize the Four Corners region to a gréater degree than
those of any other coal area.

A.6 BIOMASS/ALCOHOL

Energy from biomass implies potential impacts upon a large range of
environments due to the diversity of biamass sources and production
methods.

Direct combustion of agricultural and forestry residues, in the short
term could affect the country's major agricultural and silvicultural
regions. Over the longer term, development of energy farms could impact
areas where forestry is not presently a major industry. The Southeast U.S.
is a probable candidate for such development.

Anaerobic fermentation to produce ethanol could affect any areas which
can produce corn, sorghums, sugar beets or sugarcane. Although most corn
is grown in the Midwest corn belt (Iowa, I11inois, Indiana, Ohio), the
Southeast produces large crops and could be the site of major land-use
conversions to corn production. Sorghums are grown largely in the Midwest
and some Western states, while sugarcane is cultivated mostly in Louisiana
and Florida. Sugar beets are grown from the midwest to the west coast,
with a few western states leading in crop production. Changing needs for
energy and food could cause major land-use changes in these agricultural
areas, as well as in those presently employed in non-agricultural land use.

The manufacture of combustible products from oil or latex-bearing
plants can affect agricultural areas in the Midwest, as well as more arid
regions of the Southwest. Methane production from Wastes via anaerobic
digestion is not limited geographically, but would tend toward location
near large population centers.
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APPENDIX B
TECHNOLOGY DESCRIPTIONS

Appendix B provides a description of each representative case selected for

the technology alternatives. It includes a description of the process, inputs
and outputs, capital and operating costs (where available), manpower require-
ments, air emissions, solid waste and a measure of process energy efficiency.
A1l of these characteristics are fairly straightforward, except energy efficiency.
Several different definitions of efficiency are possible, each of which is
useful for describing certain energy relations. Three of the more commonly
used energy efficiency definitions will be used here (where possible), to
describe and compare energy relationships among the alternatives. They are

- net energy efficiency, thermal or process efficiency, and system efficiency.

Net energy efficiency is a measure of the net recovery of energy of a
project. It calculates the percentage of total energy recovered after external
invested energy is subtracted. External energy is that energy which crosses
the project boundary and must be drawn from the general economy. Net energy
efficiency (EN) can be represented by the formula:

E. = Gross Energy Recovered - Energy Invested
N Gross Energy Recovered

It is easy to conceptualize net energy analyses, but it is difficult and time
consuming to do them. Net energy analysis considers primary or direct energy
and indirect energy through secondary, tertiary and lower levels. Direct
energy is by far the largest constituent, with secondary contributing a very
small amount and lower levels contributing so 1ittle as to be generally not
worth the effort to calculate. This conclusion is supported by the detailed
net energy analysis described in Appendix C, in which it is shown that, for
the NOSR o0il shale alternative, diréct energy is about 8.5% of output energy,
whereas total indirect energy is about 1% of output energy. Since there is an
uncertainty surrounding any energy efficiency analysis, direct energy usage
alone is adequate for a reasonable comparison of alternatives. Net energy
efficiency, as approximated by direct energy usage, is one of the measures
used in Appendix B. This measure is expressed in terms of the number of barrels
of o0il equivalent of product per each barrel of oil equivalent invested.




Thermal or process efficiency is a measure of the recovery efficiency of
the central conversion or extraction process. In the case of oil shale, it would
be the retort. Thermal efficiency (ET) can be represented by the formula:

B = heating value of products
T heating value of feedstock +
added fuel or electricity
Thermal efficiency does not consider all operations, such as mining and upgrading,

which occur inside the project boundary.

System efficiency is a measure of the overall energy efficiency of the proj-
ect. It considers all operations within the project boundary. Its factors
include the thermal, conversion and extraction losses plus the externally
supplied energy. System efficiency (ES) can be represented by the formula:

Eo = heating value of products
S ~ heating value of feedstock extracted
+ external energy invested

Calculations are illustrated in Appendix B for each of the methods employed to
estimate energy efficiency.

Appendix B references all sources for figures used in the alternatives
description. Alternatives chosen are representative of their technologies as
defined in the selection criteria on pages 3-1 and 3-2, and do not necessarily
represent any programmatic preference for those chosen - only their suitability
for programmatic EIS purposes. For example, direct liquefaction of coal was
chosen over indirect liquefaction based upon the criteria mentioned. Considered,
but not heavily weighted, was the fact that direct liquefaction products more
closely corresponded to those from a theoretical oil shale plant on NOSR 1 than
do products from indirect liquefaction.. For purposes of comparison in this
document, this would have Tittle influence on the final outcome. This in
no way implies any preference for either mode or, for that matter, for any of

the representative cases described in Appendix B.




B.1

Technology - 0il1 Shale

Process - Vertical Direct-Fired, Vertical Indirect-Fired, and
Revolving Fines Retorts/Room-and-Pillar Mining

Location - Naval 0il Shale Reserves (NOSR) 1 and 3,
Garfield County, Colorado

Process Description (1, 2)

0i1 shale is mined by room-and-pillar underground mining, sent to
a primary crusher and a secondary crusher where it is sized to dimensions
required by the retort (between % and 3 inches). Fines produced by the
two crushing operations are collected for use in the fines retort.

Vertical Direct-Fired Retorts - Raw Shale of 1/2" x 3" size is
continuously fed by means of a distributor to the kiln. The shale moves
down the kiln through a mist formation and preheating zone, a retorting
zone, a combustion zone, and, finally, a residue cooling and gas preheating
zone. It is discharged through a moving grate which controls and maintains
even flow. The processed shale is discharged at about 350°F, cooled to
200°F with water, moisturized by the addition of 10 weight percent water,
and sent to a surface disposal area.

The shale vapors produced in the retorting zone are cooled to a stable

- mist by the incoming shale and leave the retort at about 140°F. The mist

is sent to an oil scrubber where about 50 percent of the mist settles and
is removed as liquid. The remaining vapors go to an electrostatic pre-
cipitator where the remaining mist is coalesced. The condensed o0il is sent
to a surge tank and then to the topping unit. The low Btu gas is in part
recycled to the retort for combustion and heat supply. The remainder is
sent to a Stretford unit to remove the hydrogen sulfide before continuing
to the plant fuel system.

Vertical Indirect-Fired Retorts - The vertical indirect-fired retort
system is similar to the vertical direct-fired system. The raw 1/2" x 3"
shale enters the top of the kiln, passes through the preheating, retorting,
and cooling zones before being discharged at about 350°F. The processed
shale is cooled to 200°F with water, moisturized with 10 percent water, and
sent to the disposal area.




Retorting of the shale is achieved by introduction of hot recycle
gas (1300°F) which is heated externally in a fired heater. Air is not
introduced and the recycle gas has a heating value of about 850 Btu/scf
which can be increased further by removal of COZ' The main advantage of
the indirect system is that the gaseous product, after the removal of
HZS and C02, has a high Btu value and is suitable for the production of H2.

Fines Retort - The fines, 0" x 1/2"-size shale, are processed in a
fines-type retort. The raw shale is preheated by direct heat exchange
with hot flue gas from the solid heat transfer medium heater. The pre-
heated raw shale is separated from the flue gas and sent to a rotating
drum retort. Hot flue gas is incinerated in the preheat system to reduce
trace hydrocarbons to less than 90 ppm in the discharge flue gas. The
cooled flue gas is passed through a high energy venturi wet scrubber to
remove shale dust before being vented to the atmosphere at about 125°F.

Pyrolysis is accomplished in the rotating retort by solid-to-solid
heat exchange between the preheated shale and the hot heat transfer
material at a temperature of about 900°F, which results in the conversion
of kerogen to hydrocarbon vapors. The mixture leaves the retort and goes
to a rotating trommel screen for separating the shale from the solid heat
transfer material, which is then circulated back to the heater by means
of a bucket elevator.

Warm flue gas from the stack of the steam superheater is used to
remove residual dust from the solid heat transfer material circulation
system. The dust is removed from the flue gas with a high energy venturi
wet scrubber.

The processed shale is cooled in a rotating drum steam generator,
moisturized in a rotating drum moisturizer, and transported by a covered
conveyor to a processed shale disposal site.

The collected raw shale oil is then processed through a topping unit,
visbreaker for atmospheric bottoms, and a hydrotreater. The resultant
product is a light, sweet, readily pipelineable, premium quality feedstock.
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Capital Costs (1) - $1.295 billion (1979 $)

See Appendix B
Operating Costs Per Year - $101 million (1979 §)

Manpower Requirements (1) - See accompanying chart

Operating Parameters (per day)

input (1, 5) 50,000 BPD 200,000 BPD
0i1 Shale - 72,500 TPD (31 GPT) 290,000 TPD
Make-up Water - 129,170 BPD 516,681 BPD
(5,461 AF/Y) (21,844 AF/Y)
Electric Power - 1,446 Mwh/D 5,784 Mwh/D
OUTPUT
Products (1)
Shale 0i1 - 50,250 BPD 201,000 BPD
Low Btu Gas (83 Btu/SCF) - 329,638,000 SCF/D 1.319 BSCF/D
High Btu Gas (850 Btu/SCF) - 24,282,000 SCF/D 97,128,000 SCF/D
Sulfur - 106 TPD 424 TPD
Ammonia - 220 TPD 880 TPD
Water - 28,457 BPD 113,828 BPD

Energy Efficiency (from Appendix C)

100 Btu

DIRECT INDIRECT TOTAL

Ammonium Nitrate/ 539.3 21.9 561.2
Fuel 011

Diesel 2,282.6 190.5 2,473.1

Electric 17,350.2 1,789.0 19,139.2

Other 8,489.0 - 8,489.0

Capital Equip. - 2,280.0 2,280.0

28,661.1 4,281.4 32,942.5

vered energy - energy invested
gross recovered energy

net energy efficiency = Jr0Ss reco
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_ 339.6 - 32.9

339.6 = 90.3%

1 BOE invested yields 10.3 BOE of all products or 8.9 BOE of
liquid products.

heating value of products
heating value of feedstock + added fuels

Thermal Efficiency

__ 339.6
398.8 + 15.3

heating value of products
heating value. of extracted feedstock + invested energy

= 82.0%

System Efficiency

= qEa = 175
Emissions (3)
302 - 1.1 TPD 4.4 TPD
NO, - 1.1 7PD 44.4 TPD
THC - 0.8 TPD 3.2 TPD
Particulates - 2.9 7TPD 11.7 TPD
co - 2.0 TPD 8.0 TPD
Solid Waste (1)
Spent Shale - 58,875 TPD 235,500 TPD
Other - 1,733 TPD 6,932 TPD

Source Documents

(1) Shale 0i1 Production System Reference Case Study - Final Report, June
1979.

(2) 011 Shale Data Book, June 1979.
(3) Estimated from Data Supplied by Industry Sources, February 1980.

(4) Energy Alternatives: A Comparative Analysis, University of Oklahoma,
May 1975.

(5) Engineering Calculations.

B-7




8-4

2250

2000

1750

1500

1250

1000

750

500

250

NOTE:

FIELD CONSTRUCTION MANPOWER

HOME OFFICE MANPOWER
INCLUDES ENGINEERING,
DESIGN, PROCUREMENT,
AND ALL OTHER HOME
OFFICE SERVICES

FIELD CONSTRUCTION
MANPOWER INCLUDES
ALL CRAFT LABOR,
SUPERVISION, AND
SUPPORT SERVICES

/4
\
/ \
I' ‘\
[ 4 |
4 [
4 1
/ 1
/’ \
[ 4 |
/ !
HOME OFFICE MANPOWER & 1
¢ |
y Y )
/ 4 1
|
/ ,l -_\ |‘
o) |
V”’ ’7“.-"-'79c444---ruccazz---zzj\
l ' l ' l ' !
2 3 4 5

Manpower Profiles for NOSR

Figure B-I.

Years after start




B.2 Technology: Conservation
Process: Transportation
Location: Denver

Process Description:

Only light-duty, gasoline powered, passenger cars are considered
in this analysis. Total fleet emissions for EPA criteria pollutants
are projected for 1990 using emission factors developed by EPA. The
reduction in emissions is calculated from a national savings of 50,000 BPD
of gasoline.

This fuel efficiency improvement is assumed to result from a decrease
in vehicle weight only, and thus factors which would change the vehicle
emissions, such as engine modification or changes in vehicle use, need
not be considered here. The reduction in emissions which would result
from using less gasoline are also calculated for the Denver area.




Emissions]

Potential daily reduction (controlled)

National 50,000 BPD 200,000 BPD

co 253 tons/day 1,012 tons/day
HC 33 tons/day 132 tons/day
NOx 73 tons/day 292 tons/day
SO2 7.7 tons/day 31 tons/day
Particulates 2.3 tons/day 9 tons/day

Denver Metropolitan Area Portion

co 0.76 ton/day 3.04 tons/day
HC 0.10 ton/day 0.40 ton/day
NOx 0.22 tony/day 0.88 ton/day
S0, 0.02 ton/day 0.08 ton/day
Particulates 0.007 ton/day 0.28 ton/day

Net Energy Efficiency

Since energy is not produced, a net energy efficiency cannot be calculated.

1“Compi]ation of Air Pollutant Emission Factors", 3rd ed., AP-42, EPA, August 1977.




B.3 Technology - 0il Shale

Process - TOSCO II/room-and-pillar mining

Location - Dow West (Colony) property, Garfield County, Colorado

Process Description

Retorting in the TOSCO II process is achieved by direct contact be-
tween hot ceramic balls and preheated 0il shale. Raw shale that has been
crushed to less than 13 mm (1/2 in) is preheated by hot flue gas from a
ball heater in a dilute-phase 1ift pipe system. The 1ift pipe system
serves as a thermally efficient heat transfer device capable of handling a
wide range of particle sizes with a low pressure drop. The preheated shale
is then fed to a pyrolysis drum. Retorting of the o0il shale is achieved
by solid-to-solid heat transfer between the shale and hot ceramic balls,
flowing concurrently through the rotating pyrolysis drum. The pyrolysis
drum is an efficient mixing device and complete retorting of shale is
achieved at about 480°C (9009F) during a short residence time. The shale
0il vapors, the spent shale, and the ceramic balls exit together and are
separated in an accumulator. The balls are lifted by an elevator and re-
heated in a ball heater, which is a direct contact heat exchanger designed
to heat the balls to about 690°C (1270°F). Waste heat in the ball heater
flue gases is transferred to the shale in the 1ift pipe preheat system.
Spent shale exits from the accumulator vessel close to the retorting temper-
ature of 480°C (900°F) and goes through a special heat exchanger designed to
cool the spent shale and also generate steam for plant use. The spent shale
is then cooled further by direct contact with water and moisturized for
disposal. The shale oil vapor is quenched and then fractionated using
conventional hydrocarbon processing equipment. An 0il mist is not formed,

so that no special separation equipment is needed.




Capital Costs(s) - $1.7 billion (1980 $); profile not available

Operating Costs Per Year(z) - (1979 %)
Gross - $111 million
Net - $ 97 million

(1)

See accompanying chart, Figure C-II

Manpower Requirements

Operating Parameters

Input (2) 50,000 BPD
0i1 Shale - 66,000 TPD (34.8 GPT)
Raw Water - 192,343 BPD

(8,132 AF/Y)
Electric Power- 2,390 Mwh/D

(2)

Output
Products
Shale 011 - 44,400 BPD
LPG - 3,500 BPD
Sulfur - 131 TPD
Ammonia - 150 TPD
Coke - 836 TPD

High Btu gas
(958 Btu/SCF) - 75,900,000 SCF/D

Water - 14,143 BPD
(598 AF/Y)

BPD

200,000

264,000

769,372
(32,528

9,560

117,600
14,000
524

600
3,344

303,600,000

56,572
(2,392

BPD

BPD
AF/Y)

Mwh/D

BPD
BPD
TPD
TPD

TPD

SCF/D

BPD
AF/Y)




Source

(2,6)

Energy Efficiency - (Millions of Btu)

347,732 - 34,494

347,732 = 90.1%

Net energy efficiency =
1 BOE invested yields 10.7 BOE Products
1 BOE invested yields 7.5 BOE Liquids

Thermal efficiency = syygaaisco—rs = 79%

Emissions(]) (Maximum)

SO2 - 3.8 TPD 15.2 TPD
NOX - 20.9 TPD 83.6 TPD
THC - 3.6 TPD 14.4 TPD
Particulates - 3.1 TPD 12.4 TPD
co - 0.8 TPD 3.2 TPD
solid Wastell)
Spent Shale - 53,200 TPD 212,800 TPD
Other - 2,197 TPD 8,788 TPD
Documents

Final Environmental Impact Statement - Proposed Development of
0i1 Shale Resource by The Colony Development Operation in Colorado.

0i1 Shale Data Book, June 1979.

Energy Alternatives: A Comparative Analysis, Univ. of Oklahoma,
May 1975.

Colony PSD Permit, July 11, 1979.
Colony Development Operation

Engineering Calculations.
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B.4 Technology - Enhanced 0il Recovery
Process - Steam Injection

Location - Kern County, California

Steam drive (Steam Flood) - In this process, separate wells are
utilized for injection and production. As in the steam soak process,
a zone of hot oil, low-temperature steam, and hot water is generated
ahead of the progressively expanding injected steam zone. This zone is
moved toward nearby produ&tion wells by a combination of steam distillation
of the oil, solvent extraction, gas drive, and waterflooding mechanisms.
The first driving mechanism is due to partial oil vaporization and to
decreases of the oil density and viscosity. The second mechanism is
attributed to decreased oil surface tension overcoming rock pore capillary
forces. The third mechanism is a result of dissolved gas expansion.
Waterflooding occurs as steam cools and condenses into a zone of hot
water flooding the formation toward the production wells.

0i1 recovery efficiencies vary between 35 to 50 percent of the
reservoir 0il contacted by the steam drive. The energy input to the
process is higher than that of the steam soak process because continuous
steam generation is required. Consequently, the steam drive process
produces more air pollution.

(2,5)

Capijtal Costs - $378 million (1976 $) over 4 years

(2,5)

Operating Costs - $79 million (1976 $)

Manpower Requirements -

550-600 peak construction
160-175 peak operations




Operating Parameters 50,000 BPD 200,000 BPD

INPUT
Fuel 0i1(1) - 20,000 BPD 80,000 BPD
Water(4) - 448,000 BPD 1,792,000 BPD
(18.941 AF/Y) (75.764 AF/Y)
output(4)

Products 70,000 BPD (Gross) 280,000 BPD (Gross)
Heavy 0il - 50,000 BPD (Net) 200,000 BPD (Net)
Usable Water - 597,000 BPD 2,388,000 BPD

(25.241 AF/Y) (100,962 AF/Y)




Energy Efficiency (from Appendix C)

Net Energy Efficiency = 95%
1 BOE Invested Yields 20.1 BOE Products

Emissions(3® 42 3) 50,000 BPD 200,000 BPD
S0, - 5.0 TPD 19.8 TPD
NO, - 10.0 TPD 40.0 TPD
THC - 0.1 TPD 0.4 TPD
Particulates - 0.35 TPD 1.4 TPD
co - 0.1 TPD 0.4 TPD

Solid Wastes

Not Available

Source Documents

Potential Environmental Consequences of Tertiary 0il Recovery,
July 1976.

Potential and Economics of Enhanced 0il Recovery - Update Report,
November 1976.

Environmental Impact Assessment: Enhanced 0il Recovery by
Steamflood, Kern County, California, July 1978.

The Water Requirements of Selected Enhanced 0il Recovery
Processes, February 1979.
Assumptions: 1100 production wells

1400 injection wells

A11 wells at 1500 ft. depth

Costs normalized to 1979

Emission Control Technology Efficiencies:

S0, - 95%

2
N0x - 60%

Particulates - 95%




0CS OIL PRODUCTION

B.5 Technology: Outer Continental Shelf (0CS) 011 Production

Process: Platform
Location: Gulf of Mexico OCS

Process Description:

Conventional fixed platforms are used for most Gulf of Mexico OCS oil
production. The platforms are typically steel jacketed structures which
rest on the sea floor. From these platforms a number of wells are drilled.
The well head completions are on the platform rather than the sea floor.
Conventional platforms have been used in the Gulf in water depths up to
312 m (1025 ft.). The majority of oil production in the Gulf in the next
10 years will be from fixed platforms, rather than from subsea completions
and floating platforms.

0il, water, and natural gas produced from the wells are separated on
the platform. The formation water is reinjected or disposed of. The oil
is metered and piped to shore. Natural gas, if present, is dehydrated,
pressurized, metered, and piped to shore. Offshore 0il can be transported
to shore by means of either tankers or pipelines. In the Gulf, pipelines
are used almost exclusively. The pipelines are layed by barges and are
usually buried in the sea floor to protect the pipelines from effects
such as scouring, and to keep them. from interfering with fishing.

Industry sources indicate that an average of 18,000 BPD are produced
from a typical 35MM barrel recoverable reserve. A single 24-slot platform
would be used to develop the field. Three exploratory wells and 18 develop-
ment wells would be drilled to an average depth of 3600 m (12,000 ft.).
Three such platforms would represent a 50,000 BPD case -and 11 platforms

would represent a 200,000 BPD case.




50,000 BPD 200,000 BPD

Capital Costs:(z) $375 Million (1980 $) $1.375 Billion (1980 $)
Over one year Over one year
Operating Costs:(z) $21 Million/year (1980 $) $77 Million/year (1980 $)
Manpower Profi]e:(z’ 3)
Development 152-167 570-625
Operation 32-44 119-163
Operating Parameters:(z)
Qutputs
0i1 54,000 BPD 198,000 BPD
Gas 49 X 106 SCF/D 178 X 106 SCF/D
Water 32,000 BPD 120,000 BPD
Emissions(])

AIR (uncontrolled)

802 0.17 TPD 0.61 TPD
NO, 2.75 TPD 10.1 TPD
Co 0.51 TPD 1.88 TPD
HC* 37.2 TPD 136.0 TPD
TSP 0.03 TPD 0.13 TPD

SOLID WASTES (st year) (2

Drilling Mud 75,222 TONS 275,814 TONS
Drill Cuttings 38,632 YD3 141,651 YD3

Energy Efficiency (from Appendix C)

Net Energy Efficiency = 98.9%

1 BOE Invested Yields 87.9 BOE Products
1 BOE Invested Yields 75.9 BOE Liquids

*Methane comprises 90% of these emissions.




References

(1) Atmospheric Emissions From Offshore 0i1 and Gas Development and
Production, EPA-450/3-77-026, June 1977.

(2) Industry supplied data

(3) Final EIS, Proposed Five Year 0CS 01l and Gas Lease Sale
Schedule, BLM, March 1980.




B.6 Technology: Coal Liquefaction
Process: SRC II
Location: Morgantown, West Virginia

Process Description

The primary processing sections consist of coal-slurry preparation,
dissolver, refining, recycle gas treating and compression, and hydrogen
recovery. Other sections include hydrogen production, gas plants, and
secondary recovery systems. The plant is designed with utilities included
except electric power, which is purchased from a local utility.

The feed coal is pulverized and mixed with a recycle slurry stream
from the process and then is pumped, together with hydrogen, through a
preheater to a dissolver operated at high pressure and temperature. The
coal is first dissolved in the liquid portion of the recycle slurry, then
is largely hydrocracked to liquids and gases.

The dissolver effluent is separated into gas, 1ight hydrocarbon
1iquid, and slurry streams using conventional flashing and fractionation
techniques. A portion of the mineral residue slurry and hydrocarbon 1liquid
from the separation area is recycled to blend with the feed coal in the
slurry preparation plant. The balance of the mineral residue slurry is
vacuum-flashed to recover the fuel oil product.

The remaining dissolver area gas stream (consisting primarily of
hydrogen, 1ight hydrocarbons, and hydrogen sulfide) is washed with frac-
tionated solvent to remove any entrained liquid hydrocarbons and contacted
with diethanolamine (DEA) in an absorption system to remove acid gases.
After acid gas removal the major portion of this gas is then recycled to
the process. In order to maintain high hydrogen purity, however, the hy-
drogen gas is treated cryogenically to remove nitrogen, methane, and
heavier hydrocarbon gases. The purified hydrogen stream is then combined
with the untreated recycle hydrogen and recycled to the dissolver.

Liquid products from the main process area are refined in the
fractionation section. The fractionation section separates the coal
liquids into naphtha, 1ight fuel o0il and heavy fuel o0il. Sour naphtha
from the fractionation unit is desulfurized in a pressurized hydrodesulfuriza-
tion unit. Sufficient severity is maintained in this unit to reduce the
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sulfur content to environmentally acceptable levels. (Some of the light
fuel 0i1 can be desulfurized in similar fashion, if required.)

Capital Costs (2) -$2.395 billion (1979 $)

Operating Costs (per year) (2) (1979 $) - (Fuel, operations and maintenance)

$486.4 million gross
$471.0 million net

Manpower Requirements (1)

Peak Construction - 7,089
Operations - 1,774

Operating Parameters (per day) (1)

Input 50,000 BPD 200,000 BPD
Coal (Pittsburgh No. 8) - 16,700 TPD 66,800 TPD
Water - 238,094 BPD 952,376 BPD
(10,066 AF/Y) (40,264 AF/Y)
Electric Power - 2,840 Mwh/D 11,360 Mwh/D
Qutput
"Fuel 011" - 31,900 BPD 127,600 BPD
Naphtha - 7,300 BPD 29,200 BPD
LPG - 11,100 BPD 44,400 BPD
SNG (est) - 71.8 MM SCF/D 287.2 MM SCF/D
Sulfur - 445.3 TPD 1,781.2 TPD
Ammonia - 83.5 TPD 334 TPD

Energy Efficiency (from Appendix C)

-49.4%

Net Energy Efficiency

1 BOE Invested Yields 0.7 BOE Products
1 BOE Invested Yields 0.4 BOE Liquids
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Emissions (1) 50,000 BPD 200,000 BPD

502 - 4.5 TPD 18.0 TPD
NO, - 8.7 TPD 34.8 TPD
THC - 0.5 TPD 2.0 TPD
Particulates - 2.2 TPD 8.8 TPD
co - 0.7 TPD 2.8 TPD
Solid Wastes (1)
Mine Burial
Tailings Point 6,890 TPD 27,561 TPD

Landfill

Source Documents

(1) Final Environmental Impact Statement, SRC II Demonstration Project,
January 1981 (Scaled to 50,000 BPD and 200,000 BPD).

(2) Assessment of Process and Technology Requirements for Transportation
Fuels, Final Report, October 1979.




B.7 Technology: Biomass/Alcohol
Process: Grain Fermentation
Location: Central I1linois

Process Description:

The reference case chosen for Biomass/Alcohol is an energy conserving
plant design by R. Katzen Associates. The design incorporates traditional
fermentation processes and demonstrated energy conservation processes,
although no plant of this type has been built. The plant is designed to
produce 50 MM gallons of 199° ethanol per year or 3,600 BPD from corn.
Fourteen such plants would produce an average of 50,400 BPD of ethanol. To
produce motor grade ethanol, the corn is milled, mixed with water to form
a mash, and the mash is cooked at 350°F. The mash is cooled and the enzyme,
fungal amylase, is added to the mash to change the starch to fermentable
sugars. Yeast is added, and the mash ferments at a temperature of 95°F.
The resultant beer contains 7.1 weight percent alcohol. The beer feed is
heated and passed through a stripper/rectifier. Ethanol recovered is then
dehydrated and cooled. The stillage residues are recovered, dried as
Distiller's Dark Grains, and sold as an animal feed. The plant operates
as a continuous flow process, except for the fermentation and fungal
amylase sections which are operated batchwise to allow for frequent
sterilization of the equipment. The distillation system employs a
two-pressure concept which significantly improves its steam economy.

Capital Costs:

3,600 BPD plant: $58 million (1978 $) over a three-year time period
50,400 BPD Production:
(14 plants) : $812 million (1978 $)

Operating Costs:

3,600 BPD plant: $44.5 million (1978 $)
50,400 BPD production, (14 plants): 623 million (1978 $)
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Operating Parameters:

(3)

Inputs

Corn

Coal (I1linois No. 6)
Yeast

Denaturant (gasoline)
Anhydrous Ammonia

Make-up Hydrocarbon
Solvent

Tractor Gasoline

Iodine Sterilizing
Solution

Lime
Sodium Chloride
Sludge Polymer

Misc. BFW Treatment
Chemicals

Qutputs
Ethanol

Distiller Dark Grains

(NH4)2 SO4

Utility Requirements (

(plant operates 330 days/year)

3,600 BPD Plant

58,990 bushels/day

296.7 tons/day
1.2 tons/day
1,500 gals/day
9.2 ﬁbns/day
27.4 gals/day

864 gals/day
24 gals/day

2.4 tons/day
1.2 tons/day
48 1bs/day
120 1bs/day

3,600 BPD Plant

3,608 BPD
536.7 tons/day
31.6 tons/day

3, 4, 5)

Purchased Electric Power

Connect (KW)

Operating (KW)

10,885 KW/D
8,313 KW/D

50,400 BPD Production
(14 Plants)

825,860 bushels/day
4,154 tons/day

17 tons/day

21,000 gals/day

129 tons/day

384 gals/day

12,096 gals/day
336 gals/day

34 tons/day
17 tons/day
672 1bs/day
8,400 1bs/day

50,400 BPD Production
(14 Plants)

50,512 BPD
7,514 tons/day
442 tons/day

152,390 KW/D
116,382 KW/D

253,000 GPD
(256 acre-ft/yr)

3,542,000 GPD

Make-up Water
(3,584 acre-ft/yr)




Manpower Profile:

Construction: Unknown, but
$6.6 million of capital investment for a 3,600 BPD plant is for labor charges
3,600 BPD Plant

8 Technicians
43 Operators
54 Laborers
53% Other (Administrative and Support)

158% Total

50,400 BPD production (14 plants)
2,219 Total

Emissions (1,2,3,4,5)
Air
S0, 7.3 TPD
Particulate Negligible
Co, 7,472 TPD
HC NA
co NA
NO, NA
Waste Water 15.4 X 10%8PD
Solid Waste 594 TPD

Energy Efficiency (from Appendix C)

Net energy efficiency = - 8.7%
1 BOE Invested Yields 0.9 BOE Products




REFERENCES

(1)

(2)
(3)

Compilation of air pollutant emission factors, EPA publication AP-42,
August 1977.

Assume emission control technology efficiencies of 95% for 502.

Grain Motor Fuel Alcohol Technical and Economical Assessment Study,
by R. Katzen Associates, June 1979.

Energy Balances in the Production and End-Use of Alcohol Derived from
Biomass and Coal, U.S. DOE and National Alcohol Fuels Commission,
November 1979.

Personal communication with Katzen Associates.
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APPENDIX C

Energy Balances in the Production and Utilization

of Fossil Fuels
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1. ENERGY BALANCES IN THE PRODUCTION AND UTILIZATION OF OIL FROM SHALE
1.1 INTRODUCTION

Energy balances and net energy gains are presented for a refer